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I. INTRODUCTION

Estimating the blast loading on various targets is an ongoing effort at
the US Armyr Ballistic Research Laboratory (BRL). Such loading may be
estimated through tests in shock tubes, through high-explosives (HE) testing

in the field, or through computation with hydrocodes. One such hydrocode,
which has been used with success at BRL and elsewhere, is an airblast version

of the HULL 1, hydrodynamic computer code. This code solves the inviscid
Euler equations in two dimensions (2-Dl) or three dimensions (3-D) using an
explicit time-stepping method. The 2-D version has a number of options that
are not available in 3-D, but the main disadvantages of the 3-Dl version are
the much longer ran time and the memory requirement. The mesh spacing for
3-D runs is too frequently set much coarser than desirable in order to fit
the storage for the required computationnl field into the computer or to
complete the run in a reasonable time.

For some studies (simulation of an HE field test, for example) it
would be advantageous to use the 2-Dl cylindrical symmetry version of HULL
from initiation to near impingement of the blast wave on a target position,

then continue the calculation with the 3-Dl version to study loading on
a 3-Dl target (2-fl cylindrical HULL runs can be preceded by, and initiated

from, one-dimensional runs of the SAP program). The 2-fl cylindrical HULL
could be used as long as the problem was cylindrically symmetric. It would
be much faster than the 3-Dl version, even with a finer mesh, and could
incorporate some useful options that are not present in 3-fl such as dust or
multiple materials. However, the 2-fl HULL would not be appropriate for
examining the loading on a 3-fl target such as a building or a vehicle.
The hydrodynamic data in a portion of the 2-fl cylindrical HULL computational
field (actually three-dimensional) could be transferred to a smaller 3-fl HULL

computational field containing the target, and the computation continued with
the 3-D HULL. (Some optional properties, multiple materials for example, do
nct exist in 3-fl and cannot be transferred.)

Such a procedure was at least partially available in our HULL. The grid
generation program, called KEEL, will transfer results from a 2-D cylindrical
problem to a new 2-fl or 3-D problem. The user would have had to assign some
existing, but unrealistic, boundary conditions. The results from the new run
would be meaningful until the effect of whatever boundary conditions were
imposed reached the target area. The most likely boundary conditions would be
transmissive or reflective. If realistic boundary conditions from the 2-fl
run could be imposed, the results would be useful until the reflected waves

* went from the target to a nonreflective boundary and back to the target.
Using such boundary conditions would approximately double the error free
time, from program initiation to the arrival of false signals at the target,
for a given 3-Dl computational grid. To double the uncontaminated run, time

* using the wrong boundaries, the distance from the target sides to the edges
of the computational region~ would have to be doubled; for a relatively small
3-Dl target, the computational region would have to be about P tim-s as large.

This report documents the coding for this new type of boundar 'y for
HULL, and presents the results of some limited tests. Sectioni TT summarizes
the older HULL boundaries; the new boundary type is discussed in Section
III. The program to produce boundary input for a 3-D MHULL run from the

9



restart output from a 2-D cylindrical nULL run is discussed in Section iV.

The results from a series of test runs is discussed in Section V. Appendix A
contains a tabulation of a sample runstream and the HULLUP program which will
produce boundary input for a 3-D run. Appendix B includes listings of a
runstream to use KE.L for a .-D restart, a runstream for the corresponding
HULL run, the general UPDATE corrections to HULL, and the HULL changes for
the new boundary conditions.

i. HULL COMPUTATIONAL GRID BOUNDARY CONDITIONS

In order to understand the computational grid boundaries used in HULL,
one needs an overview of the HULL method for solving the governing

equations. The basic equations used in HULL to describe inviscid fluid flow
are:

dP + (V.)= 0

dii_ (2)PI': +,Vp= -pg
dt 9 P

dE
Pr + V(p-) =-PU.

P= F(P,I) (4)

E = I + (Uu) (5)

dod- + PYef f (7-'U) = 0

wnlere,

V. :the divergence operator

v the gradient operator

P = material density (g/cm3

p = pressure (dynes/cm2)

u = the vector fluid velocity (cm/sec)

I = specific internal energy (ergs/g)

E = specific total energy (ergs/g)

.',.* - * ',- . " " ,P ,, . - * ,. " . " .. .*. .. < . ~ . - . .* . . .*.- * * * *..- "



g = the vector acceleration of gravity (cm/see2

t = time (sec)

ef = 1 + p/ I is the "effective gamma"

Equations (1), (2), and (3) are the conservation equations for mass,
momentum, and energy, respectively. Equation (14) is the equation of state
(for this study, a gamma law equation of state, p = (Y - l)pI, was assumed
with 'Y = 1.4). Equation (6) can be derived by substituting equations (5) and
(3) into equation (2) and assuming Y= Yeff is constant.

The solution is found by two phases for each time step. The first
phase is a two step Lagrangian solution in the manner of Lax-Wendroff.
The second phase is a transport phase which is also carried through in
two steps. (A description of one cycle of the HULL solution at a cell
for a 2-D cylindrically symmetric case is contained in the SAIL comments
at the beginning of the HULL program. In fact, there are two descriptions;

* the original HUJLL authors were in mild disagreement. These comments have
equal signs in column 1 and are removed by the preprocessor POST. They are
in the output of UPDATE or of program LIST which is part of the HULL file.
A description of the phase 1 solution for 3-D HULL, with comments, is
contained in Section 2 of Reference 3.)

At the beginning of phase 1 (at time t) the velocity components, the
specific internal energy, and the mass are known for every interior cell of
the computational field. Routines and data are available to compute other
values such as volume, density, and pressure.

When the phase 1 solution is to be advanced for a particular cell,

it is assumed that the pressure and normal velocity components are known
for each low index side of the cell at time t +A- t/2. (It is convenient to
think of these intermediate time values being on the cell boundaries. They
are more closely Lagrange solutions for points that were between cell centers
at time t.) From the values in the cell and in the adjacent higher index
cells, the pressure and normal velocity components for time t +A t/2 are

computed at the high index sides of the cell. This completes step 1 of phase
1 for the cell. The second step of phase 1 uses these pressures and
velocities "at the cell boundaries" to compute the Lagrange solution for
specific encrgy and velocity rt time t +A t for the old cell center point.

For most cells the values at the low index sides of the cell for time
t + -At/2 are retained from the previous calculations. If' the cell is a low
index boundary cell (I=l, J1l, or K=1) these boundary values must be
supplied. The method of supplying these values differs with the condition,
the boundary, the dimension, and the programmer. Four fairly distinct methods
are used at low index boundaries:

1. A virtual external cell with the desired properties, at. time t.,
is assumed and the governing equations solved for pressure aind

normal velocity at time t +- At/2 on the boundary.



2. The pressure and normal velocity on the boundary at time

t + At/2 are assigned. (Some inconsistency in time was
discovered during this study. Changes to make them consistent
were added to the correction file.)

3. Hydro values are ass. 'ned to the boundary cell and computation
for that cell is skipped except for computing the velocity and
pressure at t + At/2 on the high index side. This is used
only with 2-D at the bottom boundary. The bottom layer of
cells is considered to be inside the computation region, hence
the mass and energy changes in the boundary row of cells is
added to the system mass and energy.

4. Hydro values are assigned to the cell and approximate boundary
values are imposed on the low index side. The governing equations
are solved for the boundary cell, but the results are in error
because of the approximate boundary values. The error is not
propagated since new values are assigned to the cell for the next
step. Again, the program must account for system energy and mass.

Boundary values at high index boundaries are all imposed in the same

manner: The cell with the highest index (I=IMAX, J=JMAX, or K=KMAX) is a
virtual external cell; appropriate values are assigned to these virtual cells
for the desired boundary condition and these values are used to compute the
pressure and normal velocity component at time t +A t/2 on the high index
side of the adjacent internal cell.

The controls for the phase 2 calculations, the transport phase, are
similar. The first step in phase 2 computes the fluxing of mass, momenta,
and energy through the cell boundaries. The second step computes the result
of this fluxing. Initially, for any internal cell, the Lagrangian solution
for velocity and specific enerpy (at the point that was the cell center at
time t) are known at time t + At; the mass (hence density) of the cell is
known for time t. The average of the normal velocity components of two
contiguous cells is used as the rate of mass transport between them. From
this, the mass flux, the momentum fluxes, and the energy flux between the two
cells are computed.

Just as for phase 1, the values on the low index sides of the cell
are assumed to be known, Pither from computation for the cell on that side or
from boundary condition assignment. Computing the fluxing for the high index
sides of the cell completes step I of phase 2. Step 2 of phase 2 consists of
summing all the flixes ani comp-iting the resulting mass, velocity components,
and specific irit-rnal riry for the cell at time t +At.

Similar mouriary oU r i thIs to those described for the first
phase are used 'or phre . Tri addition, any transfer of mass or energy
through the hourjdriri's rms' h- accounted for. (In 2-D, some of the options
such as mulri It i ril - r r !,itio. requirp additional computation.)

The ii- a -j - -,is -ir'- rally separate programs although they share
some coding. Ih v -.-ri lliff-r siightly in the solution of the governing
equationls. ( or ')x-iPle, 5- 2imply averag-s for values between cell
centers, Ih' -1 .1 ",-)r~ iim( -)m f them. )
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Reading the comment lines with the HULL coding could lead one to believe
there were eight types of boundary conditions available at every boundary.
This is not true. Of the eight options listed, only one type, reflective, is

available at all the boundaries. Table 1 is a summary of the author's

assessment of the availability and reliability of the boundary conditions in

our airblast HULL. The eight types numbered 0 through 7 are called

reflective, transmissive, rezone, square wave, LAMB, SAP, HULL, and oblique
square wave, respectively.

The next section will describe the new imposed-solution boundaries

developed at the BRL.

Table 1. Summary of HULL Boundaries.

BOUNDARY TYPE
BOUNDARY 0 1 2 3 5 6 7

AFT 3-D YES A,C A,C A A - - iES

BOTTUM 3-D YES A,C A,C .- A

OiTOM 2-D YES A,C A,C B B A - YES

LEFT 3-D iiS YES A,C YES YES - - YES

LEFT 2-D YES A,C A,C YES A A A YES

FORE 3-D YES YES ......

TOP I-D YES YES ....

TOP 2-D YES YES YES ....

RIGHT 3-D YES YES .....

RIGHT 2-D YES YES YES - - -

(YES) has been used locally. Looks good.

(-) ~o implementation.

(A) Has not been used locally. Appears to be fully implemented. May have

errors.

(B) Only partially implemented or has known errors.

kC) Types 1 and 2 alike at each low index boundary. Believe they are

intended to remain unchanged ambient.

13



III. BOUNDARY TYPE 9, IMPOSED-SOLUTION BOUNDARY

The primary motivation for this project was to transform a section
of a 2-D cylindrical symmetry HULL run into a 3-D Cartesian HULL run.
Presumably, the 2-D HULL program would be run with a blast wave expanding
from some central source. The 3-D run would be for some subsection of the
cylindrical space with a target inside. The 3-D run could be initiated just

* before the blast wave reached the target and would continue with input from
the 2-D solution through the boundaries of the 3-D grid.

The KEEL program has coding for copying a portion of a 2-D cylindrical
HULL problem into a 3-D space but the boundary conditions from the 2-D run

* could not be satisfactorily fed in after the 3-D run was initiated. The
result from such a restart would be good until a signal from whatever
boundaries were used reached the region of interest. With the addition of
input boundaries, with data from the 2-D donor run, the results should be good
until reflections from the target reach a boundary and the resulting erroneous
signal reaches the region of interest. Imposing a solution on the boundaries
of the 3-D grid would essentially double the real time that could be simulated
by the same grid with simple transmissive boundaries. For comparison, the

* same time doubling of simulated time could be achieved by doubling the
distances from the target to the simple transmissive boundaries in the 3-D
problem, but this could increase the space and computer time required for such

* a run by a factor of eight. Thus, this new capability offers the opportunity
to run problems which might otherwise be too large or expensive.

* In keeping with this scenario, the coding for these new boundaries allows
imposed values on any side. (Previous programming had not added boundary
conditions at the high index boundaries even though the existence of the layer
of external, virtual cells make this relatively easy.) These "imposed-
solution" boundaries will be called BOUND9 boundaries in this report.* They
will be activated in HULL as type 9. (Type 8 has been assigned at the BRL to

* an undocumented, partially successful exhaust type boundary that may be
* reactivated.)

After some preliminary study, it was decided that the simplest way to
* introduce these new HULL boundary conditions into the existing code was to

supply input values on a plane for each boundary, with a new subroutine in
HULL for each of these boundaries. These subroutines check that the point for
which data is requested is on the plane. Then they interpolate in time, and
in space on the plane, for five hydro values: three velocity components,

* specific internal energy, and density. At the low index sides these planes
are on the boundaries: the "left" boundary at XO, the "aft" boundary at YO,

* and the "bottom" boundary at ZO. For these boundaries, the coding computes
and stores the pressure and the normal velocity component at time t + t/2,
like method (2) in the previous section. At the high index boundaries, the
input planes for the imposed-solution values go through the center of the

* external virtual cells on that side: the "right" boundary for maximum X, the
"fore" boundary for maximum Y, and the "top" boundary for maximum Z. The
coding inserts the "imposed" hydro data into the external cell (mass is stored
instead of density).

These new BOUND9 boundaries are designed to continue a 2-D HULL run in
3-D, buat any sort of values could be imposed on a side if a file of data in

14



the proper form were prepared for that side. (This assumes that the boundary

values are compatible with whatever is inside the computation region.)

The original plan was to supply two planes of hydro data at successive
times for each BOUND9 side. An evenly spaced grid with extreme values at the
BOUND9 planes was also imposed. This worked well for small 3-D HULL grids
with evenly spaced meshes. The examples cited later were run with this
coding, but some memory requirements were excessive even with a coarser mesh
on the input data planes than was wanted. Therefore, a new code was prepared
which presents the imposed-boundary data to the 3-D HULL one row at a time.
To avoid excessive searching for data, the hydro values for two successive
times are stored together for each row.

A description of this BOUND9 input for HULL is included in Appendix B
along with a listing of the BOUND9 changes for HULL and listings of therunstreams for KEEL and HULL for one problem.

IV. HULLUP

The program to prepare the files for the 3-D HULL BOUND9 input boundaries
from a 2-D donor run is a FORTRAN 5 program called HULLUP. This program is
tabulated in Appendix A. It includes COMMENT lines that hopefully adequately
describe the input and output. The main output is the files of data for the
BOUND9 input to HULL described in Appendix B.

The original intent was to allow for 2-D and 3-D input and output at some
later date. There are some remnants of this remaining, but the coding is now
strictly for producing HULL input on 3-D boundary planes from a 2-D
cylindrical HULL run.

The user must plan the 3-D run thoroughly before knowing the input for
HULLUP. If there is a target, it is one or more orthogonal parallelepipeds
(boxes). If a target is to have flat sides, the 3-D grid must have boundaries

parallel to the sides of the target. These boundaries, except for reflective
boundaries, must be far enough from the target area to allow HULL to run
without sending a false signal to the target area during the time of interest.
(For BOUND9 boundaries, the signal from the boundary will be approximately
correct until reflection from the target reaches them.) Any BOUND9 boundary
plane must be entirely inside the cylindrical region of the 2-D donor. The
'angle at which the shock front strikes a target is determined by the
positioning of the target. The transfer from the 2-D donor space, which HULL
denotes as (X,Y) is clearer if one thinks of the 2-D cylindrical space as
(R,Z), or the 3-D cylindrical space (R,O,Z) at arbitrary 0.

Points in the Cartesian 3-D space are defined as X = R cos(O),
Y = R sin(9), and Z = Z (no rotation of Z plane). The user does not need to
know 0. To set the boundaries of the 3-D Cartesian space the user must
envision, or draw, the X and Y boundaries of the 3-D computational field on a
constant Z plane. A line through the origin parallel to the X sides of the

computational field isO = 0, andO = 900 is parallel to the Y sides. The
choice of quadrant and rotation angle of6 is arbitrary. The only restrictions
are that the left boundary, XO in HULL, is the minimum X, and the aft
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boundary, YO in HULL, is the minimum Y. For the KEEL run, the initiation run
for HULL, the user needs to supply XO, YO, ZO, and the grid spacing for the
computational field. For HULLUP, a more complete knowledge of the
computational grid is needed.

The input for HULLUP is through four NAMELIST lines and some other data on
the INPUT file, and from the donor restart file. A user must have access to
file NUHULUP and should get specific instructions for program HULLUP from it.
The donor restart file must be ATTACHed as TAPE 9 and the output files must be
CATALOGed in the runstream. HULLUP and an example runstream are tabulated in
Appendix A.

V. TEST RUNS

A limited number of test problem runs have been made, most of them with
the original coding that supplied input data for the entire plane. The first
three problems were simply designed to get the program running. First a 2-D
cylindrical donor ran was made. It had a sphere of high pressure gas (E in
Figure 1) with radius of 1000 cm expanding into an (IMAX,JMAX) = (32,16) mesh
of toroidal cells, 8 0x80 cm in cross section. In the 2-D run (for the
cylindrical space A in Figure 1 represented by plane B), the elevation, Y,
went from 0 to 1200 cm with one additional layer of external cells and the
radius, X, from 0 to 2480 cm with an external column of cells. The sphere of
high pressure gas was centered at (0,1200). The left, bottom, and top
boundaries were declared reflective and the right boundary transmissive.
Setting the top boundary reflective (i.e., symmetric) is all right for the
assumed constant atmosphere with no gravity until the reflected shock from the
ground reaches the top boundary.

33
TeThe sphere of high pressure gas was given a density of 0.0381204 g/cm .

The ambient density was set at 0.00120412 g/cm . The specific internal energy

was 2.10374 x 109 ergs/g everywhere and a gamma law gas was assumed with gamma
= 1.4. Such a driver gas would produce a 344.7 kPa (50 psi) shock in a
straight shock tube. With spherical expansion, the shock front should be
about 103 kPa (15 psi) at 1800 cm radius. The 2-D HULL run was initiated at
time T = 0.02 seconds and was run to 0.05 seconds.

Two 3-D problems with cubic cells 80 cm on a side were based on this 2-D
donor computation. The first of these had an internal region (C in Figure 1)
with both X and Y from 0 to 1760 cm and Z from 0 to 1200 cm. This was run
with the left, aft, top, and bottom boundaries reflective and the right and
fore boundaries transmissive. The initiation for this problem was from the
2-D donor through KEEL at time T = 0.02 sec. This was run to check the
starting of a 3-D run from a 2-D run and to give some idea of the difference
in 3-D and 2-D results for this problem. (Starting the 3-D run from a 2-D run
will tend to further distort the boundary of the high density sphere.) As
expected, the results were bilaterally symmetric about X = Y. Radial symmetry
was reasonable considering the coarseness of the grids.

The other 3-D run based on the 80 cm grid donor also had 80 cm cubic

cells, but it was for a smaller subspace (D in Figure I) with BOUND9 input
from the donor on the left, right, fore, and top boundaries. The bottom and
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aft boundaries were reflective. A 9 by 7 by 8 mesh of' cells was selected with
the inner region from X - 880 to 1520 cm, Y = 0 to 480 cm, and Z from 0 to 560
cm. This was also initiated at time T =0.02 sec from the donor restart file.
This region was entirely outside the high pressure sphere defined for the 2-D
run, so the initiation was actually for an ambient region.

B0UND9 input planes were supplied through HULLUP at X = 880, the left
boundary, X -1800, the center of the external plane of' boundary cells on the

* right, Z = 600, the center of the top plane of external cells, and Y a 500,
the center of the external plane of cells on the f'ore boundary. The grid on
these planes was such that values were available to HULL without further
smearing due to interpolation in the boundary planes (i.e., there were data

* points at the cell centers).

Figures 2-7 show the HULL records of' overpressure at 6 stations (See
Figure 1) for the three runs. Stations 1, 2, and 3 were assigned at X = 990,
1250, and 1500 cm, respectively, Z = 30 cm, and Y = 30 cm for the 3-D runs
(0= 0 for 2-D). Stations 4, 5, and 6 were assigned to X = 990, 1250, and 1500
cm, respectively, Z = 500 cm, and Y = 30 cm. Although assignment is to a

*point in space, the recorded values are for a cell containing the point. The
results are best thought of as the average values in the cell, or
alternatively, as the values at the cell center. For example, station 1 in
the 3-D runs is in the cell between X = 960 and 1040, Y = 0 and 80, and Z = 0
and 80, with center at (x,y,z) = (1000,40,40).

In Figures 2-7, and the others in this report, time 0 corresponds to the
HULL initiation time of 0.02 seconds, and of course, 30 ms corresponds to 0.05
seconds in HULL time. The 3 curves are labeled DONOR, 3DTRAN, and 3DBND9 to
identify results from the 2-D donor, the 3-D simulation of the 2-D run, and
the 3-D run in the smaller subspace using BOUND9 input, respectively.

There is a shift in time between the 3-D and 2-D curves, most noticeable
in the shock arrival time and rise. Most of this is from the different
treatment of overpressure recording for 2-D and 3-D. In 2-D runs, the
pressure at the beginning of a time step is recorded with the station data.
In 3-D, the pressure is computed from energy and density at the end of the
time step. For this coarse mesh, the time steps varied from about 0.05 to 0.9
ms after 5 ins. The time shift appears smaller for Figure 14 since the time
step is less than 0.3 ms during the initial pressure increase. (Incidentally,
the time recorded with a time step for both 2-D and 3-D is the time at the
beginning of the time step. The time step is not recorded, and not all time
steps have output so the correct time is not known.) Considering the
coarseness of the grid, the agreement among these results is reasonable.
Three similar runs were made with cells approximately 4o cm on a side.
(Halved cell sizes were desired with the same boundaries as before). Since
HULL demands an odd number of cells inside the boundary in the vertical
direction, there was a minor problem. In the 2-D run and the 3-D full
simulation, the top boundary was located at 12140 en and the layer of cells
between 1200 and 1240 cm was declared to he ISLAND rells. This created a
reflective (symmetry) boundary at 1200 cm. For the POUNDQ top boundary in 3-D
an odd number of cells between Z =0 and 560 cm was required. The 7 internal$ cells with DZ =80 cm were replaced with 15 cells with D7 38, 39, or 40 cm.)
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Figures 8-13 are overpressure records for these "140 cm grid" runs at the
same stations as for the the "80 cm grid" runs. As was expected, the time
shifts are less, the peaks are sharper and higher, and the curves have more
detail. The peak pressures for the full 3-Dl run is always somewhat higher

'4
than the corresponding 2-D peaks. This is a consistent feature of HULL
probably due to min~or differences in the finite difference algorithms.

The improvement was so encouraging that a 2-D donor run and the
corresponding 3-D run with BOUND9 input boundaries were run with cells
approximately 20 cm on a side (overpressure vs time plots, Figures 14-19) and
for cells approximately 10 cm on a side (Figures 20-25). Except for station
1, the 2-D donor runs and the BOUND9 3-Dl runs are more alike for the 20 cm

*grids than for the 40 or 80 cm grids. The time shift due to the time step has
been reduced to about 0.2 ms so the "smearing" of the shock front by
interpolation for and from BOUND9 input boundary data is more evident at those

*stations near the BOUTND9 boundaries, stations 1, 4, 5, and 6.

One would expect further improvement with the 10 cm grid runs. This is
* not evident. There are several reasons, the principal one being additional

* smearing due to interpolation in the supplied BOUND9 data in HULL. For all
the coarser grids, the HULLUP coding used an evenly spaced mesh on every side
between the BOtJND9 values at their edges. By choosing the appropriate number
of mesh divisions there were points in the center of the cells on the evenly
spaced sides and near the centers in the Z direction. Such a fine grid was
not possible for the 10 cm grid. A much coarser resh was forced by computer
space limitations. Hence, there was smearing in both the HULLUP interpolation
and the HULL interpolation. This difficulty led to a realization that a
revision was necessary.

Another probable source of differences at stations 1, 2, and 3 is that
they are closer to the reflective bottom boundary in 2-D than in 3-Dl. For 2-D
they are in the third layer up between 20 and 30 cm, and for the 3-Dl they are

in the fourth layer between 28.5 and 38 cm.

The notches in the initial pressure rise in Figures 20 and 21 are probably
due to an initial decay of the incident shock followed by the reflected shock.
(The stations are 3 or 4 cells from the reflective bottom.) An alternative

* explanation is to assume a Mach reflection which needs time to develop in the
3-D restart run.

Station 1 is near the left BOUND9 input boundary in the 3-D runs.
Apparently it is too close for a sharp reflected shock to develop.

rusFigures 26-31 show a comparison of the overpressure from the four donor
rusat each of the 6 stations. The plots for stations '4, 5, and 6 (Figures

29, 30, and 31) are much as one would expect: the peak pressure increases
with decreasing cell size, the rise and fall from peak pressure is much

* sharper, and the curves are more detailed as cell size decreases. The same
*results are not so true at stations 1, 2, and 3 (Figures 26, 27, and 28)

b ecause of the offset in position and the rapid decay of the peak reflected
pressure near the reflective bottom boundary. The results seem to converge
and the 20 cm and 10 cm grid results agree fairly well. Better agreement
would be welcomed at stations 3 and 6 near the end of these short runs.
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Figures .2-)7 show a comparison of the overpressures for the four BOUND9

driven 3-D runs at the same b stations. Overpressure for the donor run with
the 10 cm grid is included as an assumed "correct" curve. Here again the
convergence looks good with the 20 cm grid results and 10 cm grid results
being reasonably alike.

As was stated earlier, the presented results were all from an early
version of HULLUP and UPDATE changes to HULL for BOUND9 boundaries. The

HULLUP program was revised to supply line by line data on the input planes at
grid points that may be specified. The BOUND9 coding was revised to use the
line by line input. Spatial interpolation was retained, but cell centered
input is desirable. The results for the BOUND9 run with the 80 cm grid were
duplicated exactly with the new coding.

The BUUND9 run with the 10 cm grid was also rerun with the new coding.
Figures 3d-41 show the overpressure records at the stations 1 through 4,

respectively, for the 2-D donor run and the 3-D BOUND9 driven runs with the
early coding, and with the revised coding. The revised coding did not make as
much difference as the author expected. There is some separation of the two

3-D generated curves at station 1, and the peak values at stations 2 and 3 are
noticeably different. The results at stations 4, 5, and 6 are nearly
identical.

There is no reason to doubt that the HULLUP coding will properly prepare
BOUND9 input for a 5-b hULL run from a cylindrical 2-D run, or to doubt that
the BOUND9 changes to HULL will give a satisfactory j-D continuation.
however, there are a number of things that were not tested: there was only
one computation field location, no test with a target, no test with the bottom
or aft ooundary a bUUND9 type, no -D start with a region partially filled
with non-ambient gas to check for conflict between tne KELL set up and tne
buUND9 boundary, no testing of the effect of changing grid size, no coordinate
shifting, and only accidental testing of one or two abort situations.

VI. CONCLUSIONS

'ihe HULL BOUND9 coding for 3-D HULL and the HULLUP program to prepare the
BUUND9 input from a cylindrically symmetric 2-D HULL run seem to be working
properly. Any use of them should be carefully monitored; more testing is in
order before making any permanent changes to our HULL code.

The )-D run to be made must be thoroughly planned. The locations of' the
bUUND input planes must be exact, on the low incex boundaries and in the

centers of the externa± cells on tne high index boundaries. A grid of mesh
points on the 6OUND9 input planes matching the centers of the 3-D HULL cells
is desirable since it reduces smearing due to interpolation. A careful
analysis of expected velocities and desired run time is needed to determine
the placement of boundaries for the .5-D (and the 2-D) run.

1he HULL bOuND9 coding will accept input on the boundaries from any source
as long as it is in the proper format in tne input files. For example, input
on a sie that is constant in space and varies with time might De useful and
would be fairly easy to construct. by coding a program like nULLUt, input
from any nyarococe could be used.
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BOUND9 type input for 2-D codes has not been coded. A 2-D Cartesian, or
new cylindrical, run may be initiated in KEeL from a 2-D cylindrical donor. A
large enough region would be needed to prevent false signals from necessarily
incorrect boundaries and such a region may not be possible. A 3-D run could
be made in the same way but the region needed would have to be much larger
than one with BOUND9 boundaries for the same uncontaminated run time.
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(A) CYLINDRICAL SPACE FOR 2-D DONOR COMPUTATION
(B) 2-D CUT IN CYLINDRICAL SPACE
(C) 3-D REGION WITH TRANSMISSIVE BOUNDARIES
(D) 3-D) SUBREGION WITH IMPOSED- SOLUTION BOUNDARIES
(E) INITIAL EXTENT OF HIGH PRESSURE SPHEREO 0,

LOCATION OF STATIONS FOR RECORDING PRESSURE

Figure 1. Computation Regions.
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Figure 2. Comparison of Overpressure From a 2-D Donor Run,
a Comparative 3-D Run, and a 3-D Imposed-Boundary Run

for an 80 cm Mesh at Station 1.
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Figure 3. Comparison of Overpressure From a 2-D Donor Run,

a Comparative 3-D Run, and a 3-D imposed-Boundary Run

for an 80 cm Mesh at Station 2.
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Figure 4. Comparison of Overpressure From a 2-D Donor Run,

a Comparattve 3-D Run, and a 3-D Imposed-Boundary Run

for an 80 cm Mesh at Station 3.
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80 CM GRID, STATION 4
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Figure 5. Comparison of Overpressure From a 2-D Donor Run,

a Comparative 3-D Run, and a 3-D Imposed-Boundary Run

for an 80 cm Mesh at Station 4.
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80 CM GRI D, STATION 6
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Figure 7. Comparison of Overpressure From a 2-D ',onor Run,
a Comparative 3-D Run, and a 3-D Imposed-Boundary Run

for an 80 cm Mesh at Station 6.
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Figure 8. Comparison of Overpressure From a 2-D Donor Run,
a Comparative 3-D Run, and a 3-D Imposed-Boundary Run

for a 40 cm Mesh at Station 1.
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Figure 9. Comparison of Overpressure From a 2-D Donor Run,"'
a Comparative 3-D Run, and a 3-D Imposed-Boundary Runfor a 40 cm Mesh at Station 2.
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Figure 10. Comparison of Overpressure From a 2-D Donor Run,

a Comparative 3-D Run, and a 3-D Imposed-Boundary Run

for a hO cm Mesh at Station 3.
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Figure 11. Comparison of Overpressure From a 2-D Donor Run,

a Comparative 3-D Run, and a 3-D Imposed-Boundary Run

for a 40 cm Mesh at Station h.
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40 CM GRID, STATION 5
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Figure 12. Comparison of Overpressure From a 2-D Donor Run,

a Comparative 3-D Run, and a 3-D Imposed-Boundary Run

for a 40 cm Mesh at Station 5.
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Figure 13. Comparison of Overpressure From a 2-D Donor Runs

a Comparative 3-D Run, and a 3-D Imposed-Boundary Run
for a 40 cm Mesh at Station 6.

33



20 CM GR ID, STATI ON 1
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Figure 14. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 20 cm Mesh at Station 1.
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20 CM GRID, STATION 2
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Figure 15. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 20 cm Mesh at Station 2.

35
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Figure 16. Comparison of Overpressure From a 2-D Donor Run and
3-D Imposed-Boundary Run for a 20 cm Mesh at Station 3.
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Figure IT. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 20 cm Mesh at Station 4.
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Figure 18. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 20 cm Mesh at Station 5.
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20 CM GRID, STATION 6
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Figure 19. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 20 cm Mesh at Station 6.
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10 CM GR ID, STATI ON 1
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Figure 20. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 10 cm Mesh at Station 1.
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Figure 21. Comparison of Overpressure From a 2-D Donor Run and a
3-D Tmposed-Boundary Run for a 10 cm Mesh at Station 2.
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Figure 22. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 10 cm Mesh at Station 3.
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-C Figure 23. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 10 cm Mesh at Station 14.
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Figure 24. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 10 cm Mesh at Station 5

(Donor runs at Station 1).
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Figure 25. Comparison of Overpressure From a 2-D Donor Run and a
3-D Imposed-Boundary Run for a 10 cm Mesh at Station 6.
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Figure 26. Overpressure From 2-D Donor Runs at Station 1.

40"

14

S, '-*-



DONORS, STATI ON 2

78008 c

40 CM

10cM_

400-

p300-

0

200-

100-

0 -6 do 2 0 i
0 5 10 2 5 3 5 4

TIME (inS)

Figure 27. Overpressure From 2-D Donor Runs at Station 2.
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Figure 28. Overpressure From 2-D) Donor Runs at Station 3. '
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' Figure 29. Overpressure From 2-D Donor Runs at Station 4.
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Figure 30. Overpressure From 2-D Donor Runs at Station 5.
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Figure 31. Overpressure From 2-D Donor Runs at Station 6.
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Figure 32. Overpressutre From Imposed-Boundary Runs at Station 1.

52



BOUND9, STATI ON 2

LEGEN~D
700- 2D1OCM

40 CX

10 cu

Cl) 400-
C/)

0

200

100-

0 5 10 15 20 215 30 35 40

TIME (ins)

Fi t'u ra 33. (Ovr pr- ssii rf From I mpo .efd-)m iy 1f tL.L(T



BOUND9, STATI ON 3

LEGEND
700- 2D10lC

40CM
2CM

10 CM

500-

400-

~300-

0

200-

100-
- il

0T
0 5 10 16 20 25 30 35 40

TIME (ms)

Figure 3. Overpressure From Imposed-Boundary Runs at Station 3.
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Figure 35. Overpressure From Imposed-Boundary Runs at Station 4. .-
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APPENDIX A

TABULATION OF PROGRAM HULLUP

Appendix A is a listing of a SCOPE 2 runstream to use HULLUP to prepare

BUUND9 bounaary input with a listing of file NUHULUP which contains the hULLUP

program.

Problem 8405.09 is the "80 cm grid" donor file described in section V.

Problem 0406.20 (or b416.20) is the corresponding BOUND9 controlled 3-D test

run. Restart output from problem 8405.09 is found in the MF4 file
hULL8405PO9.

Since data was wanted at all the available times on tnis restart file, the

only input for namelist INDATI1 was the donor problem number.

Namelist NDAT1 and the 10 lines following it describe the locations of the

boundaries for the 3-D run and the number of and locations of the data points

on these sides. Since KNM was negative, the mesh points were specified (the
10 lines after namelist NDAT1). Equivalent output data, for this case, could

have been formed by setting iNM = 18, YNM = 14, and KNM = 16 in namelist
NDAT1, with no additional input. This would give more mesh points, but the

only effective ones would be those at the cell centers. This is possible only
because the 3-D run has equal cell sizes.

Namelist NDAT2 informs HULLUP that BOUND9 boundary data is to be saved for

X = XN1 and Xh2 (the left and right boundaries), Y = YN2 (the fore boundary),
and Z = ZN2 (the top boundary). Namelist TABDAT tells HULLUP the number of
times that output is wanted for each of these boundaries.
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*RUN STREAM FOR HULLUP *

Wa RTMAN (STMF ZT 350, P5)
ACCOUNT(******) WORTMAN B309 X60Z8
COMMENT. PROGRAM TO PRODUCE BOUNDARY INPUT FOR HULL FROM AN OLD HULL.
COMMENT, SET FOR PROB 8416.20 FROM PROB 6405.09. 8/10/84
COMMENT. THIS SHOULD REPRODUCE 8406.20 WITH THE NEW HULLUP

SCOMMENT. THAT PRODUCES OUTPUT FILES WIT ROW BY ROW RECORDS*
COMMENT.
COMMENT. CHECKLIST FOR A NkW PROGRAM
COMMENT. CHANGE IDENTIFICATION LINES, THE INPUT FILE FOR TAPE9,
COMMENT. AND SET CATALOGGING OF OUTPUT FILES.
COMMENT. ADJUST NAMELIST AND OTHER INPUT BELOW.
COMMENT* CHECK PARAMETER STATEMENT VALUES# FRONT OF FILE NU,4ULUP.
COMMENT.
ATTACHfTAPE9,NULL84OSPO9,ID-JDW)
COM4ENT. REQUEST PERMANENT FILES FOR POSSIBLE BOUND9 OUTPUT.
REQUEST(TAPEll1,*PF)
REQUEST(TAPE12,*PF)
REQUEST(TAPE13,*PF)
REQUEST(TAPE14#*PF J
RE CU EST (TAP E15,*PF)
REQUEST CTAP E16, *PF 3
COMMENT. TEMPORARY SET UP FOR COMPILING HULLUP.
BEGIN (GETMF APFILEP LF*HULLUPPPFaNUHULUP UN=JDW3
UPDATE(NsIwHULLUP)
COMMENT. FTN5(ILaOOPT*2
FTN5(IpLD-SIA/R/MOPTu2)
LGO(*PL=100001
COMMENT* CATALOG FILES OF BOUNDARY DATA HERE.
CATALO(TAPElP841620L~s IO-JDW)
CATALOG(TAPE2,P841620RB, IO.JDW)
COMMENT. CATALOG( TAPE 13P P841620BB8,ID.JDW)
CATALOG(TA'E14,P841620TB, ID=JDW)
COMMEN'T. CATALOG(TAPE15,P841620ABIDaJDW)
CATALOG(TAPE16,Pe4l620FBIlDsJDW)
*E OR
SINDAT1 PROBIN-8405.09 S
SNOAT1 XNlu880.,XNMul56O.,INM=9,YN1e.O*YNN-52O0,0JNM.7,
ZN1*O.0pZNMw60..KNMvs-BS

920.00
80.08

40.00
80.0 4

'*80.0 z

-1

SNDAT2 NBND a 1,1,v0v1,0p11
STABDAT LASTPR u5v4,0,4,0,35
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** hJLLUP **
be,

*/ FILE NU4ULUP. HULLUP FOR 3D BOUND9 INPUT FROM 20 DONOR.

FIRST, THE 3 COMMON DECKS FOR SUBPROGRAMS IN HULLUP.
*1 THE FIRST 2 HAVE EON3R AND RECIPIENT ARRAY DIMENSIONS.
*l PARAMETERS SET FOR PRIh 8407.24 FROM 8407.22.
s/ THEY MAY BE CHANG;ED IF NECESSARY.

*COMDECK CDIN"
C VARIABLE DIMENSIONS FOR DONOR ARRAYS.

PARAMETER(IIBIG-?5',IJBIG-123,IKBIG-2,ILBIG-SOOO)
COMMON ICDINlf XI (IIBIG)DELXI(IIBIG)YI(IJBIGIDELYI(IJBIGI

+ ,HYDROI(ILBIG) ,ZI( IKBIGIjDELZI( IKBIG)
*COMDECK CDNUI
C VARIABLE DIME4SIONS FOR RECIPIENT ARRAYS

PARAMETER(NIJKMAX-200,NLBIG-1O00)
COMMON /CDNLJI XN(NIJKMAX).YN(NIJKMAX)jZN(NIJKMAX),BND(NLBIGI"

+ BNDZ(NLBIG)
*COMDECK CDCOM
C OTHER COMMON TERMS FOR HULLUP.

COMMON/CDIN3/ 1IN9,PPROBIN,CSTARTIIMAX, IIMAXIIJMAXIJMAX1-
" IKMAXIKMAXEIGEOM, INH, IROWPBINHPB#
" ITYPEITIME CYCLE I, TIME IN
COMMlN/CDNU3/ XN1, XNMYN1,YN4, ZNIZNMINM JNM KNM TSH9 XSHPYSHZSH"

" NNHNBND(bb)NFOUT(6),XYZB(6)j, ICONVNXPLNYPLNZPL
*DECK HULL UP

PROGRAM HULLUP(INPUT, OUTPJTTAPE9,TAPE11,TAPE12,TAPE13,TAPE1'.
" TAPE15, TAPE 16, TAPE 5-'.NPUT, TA PE6.OUTPUTp TAPE1, TAPE2)

C
C -ULLUP EXTRACTS BOUNDARY INPUT VALUES FOR A NEW HULL RUN FROM
C A HULL RESTART FILE. THE OLD HULL RUN IS CALLED DONOR OR OLD.
C PARAMETERS FOR OR FROM IT MAY HAVE PREFIX OR SUFFIX I OR IN .
C THE NEW HULL RUN WILL BE CALLED RECIPIENT OR NEW. PARAMETERS
C FOR IT MAY HAVE PREFIX OR SUFFIX N OR NU.
C
C AN ATTEMPT HAS BEEN MADE TO ALLOW FOR FUTURE CHANGES. THIS
C FIRST COD14G WILL BE FOR A CYLINDRICAL SYMMETRIC DONOR AND
C PREPARE BOUNDARY DATA FOR A 3D CARTESIAN RECIPIENT.
C WE HAVE MADE OTHER ASSUMPTIONS. r.
C THE RESTART DATA IS ON ONE FILE# TAPEQ. (WE WILL SET IN9*9
C AND USE IN9 TO MAKE POSSIBLE CHANGE SIMPLER.)
C THE COORDINATE POINTS OF DATA ON IN9 MAY CHANGE BETWEEN DUMPS.
C WE ASSUME NO ISLAND OR SHORE CELLS ON NEW BOUNDARY PLANES.
C NNH-5 FOR 3D. (IE 5 HYDRO VARIABLES OUTPUT)
C FOR CYLINDRICAL DONOR, RADIAL VELOCITY AT R a 0.0 SET TO O.0
C
C WE HAVE VARIABLE PARAMETERS AND ARRAYS IN CONDECKS"
C VARIABLE DONOR PARAMETERS IN CDINi.
C VARIABLE RECIPIENT PARAMETERS IN CDUl,
C
C INPUT
C * * * *
C INPUT IS THRU NA4ELIST INPUTs, OR DATA, ON TAPE5 AND FROM IN9,
C
C** 1 NAMELIST /INDATI/ (THIS IS READ IN HULLUP, I.E. MAIN)
C
C IN9 - FILE FOR OLD HULL RUN RESTART DUMPS. DEFAULT w 9.
C THIRD FILL ON PROGRAM CARD. MUST ATTACH IN RUN STREAM.
C
C PROBIN - OLD PROBLEM NUMBE, ON INPUT FILE. REQUIRED.
C
C CSTAP.T - STARTING CCLE NUMBER OLD DATA. DEFAULT a 0.0.
C

C ','-"
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C CSTOP - UPPER BOUND FOR INPUT CYCLES. WILL PROCESS INPUT
C CYCLES UNTIL CYCLEI GT CSTOP OR INPUT FILE ENDS.
C DEFAULT a 9999999.I c
C IN9 HAS A VARIABLE NUMBER (F HULL RESTART DUMPS. EACH
C DUMP IS A HEADER# A Z-BLnCK, A VERTEX RECORDP AND HYDRO DATA.
C THE HEADER RECORD IS 4 NUMBERS.
C i - SIGNAL. 555.0 FOP A RESTART DUMPP 666.0 FOR END OF FILE.
C 2 - DONOR PROGRAM NUMBER. THIS MUST BE THE SAME AS PROBIN.
C 3 - CYCLE NUMBER.
C 4 - TIME.
C THE Z-BLOCK IS A 200 WORD RECORDP 92 NAMES AND VALUES, AND ID.
C WE WILL EXTRACT 7 VALUES.
C IIMAX - THE NUMBER OF CELLS IN THE X DIRECTION.
C IJMAX - THE NUMBER OF CELLS IN THF Y DIRECTION.
C IKMAX - THE NUMBER OF CELLS IN THE Z DIRECTION.
C INH - NUMBER OF HYDRO VARIABLES/CELL. WE USE ONLY 4.
C IDIMEN - INPUT PROBLEM DIMENSION. (WE ASSUME ONLY 2D NOW)
C IGEOM - INPUT GEOMETRY. 1-CARTESIAN, 2-CYLINDRICAL ASSUMED.
C IROWPB - ROWS STORED/BLOCK. (EACH BLOCK IS A RECORD).
C VERTEX RECORD
C 2D - (XItI),I2, IIMAX+1),(YI(J),J.1,IJMAX+I). XI(1).O*0 ASSUMED.
C 3D - (XI(IIploalZIMAX+1),(YI(J),J.lIJMAXe1),(ZZ(K)IKU1,IKMAXI).
C HYDRO VALUES. INH*IIMAX*IROWPB VALUES PER RECORD.
C FOR EACH CELL IN 20, THE FIRST 5 HYDRO VALUES ARE.
C 1 - PRESSURE THAT IS NOT USEFUL. IT IS FOR ANOTHER TIME.
C 2 - X VELOCITY COMPONENT (RADIAL VELOCITY FOR CYLINDRICAL). (CM/SEC)
C 3 - Y VELOCITY COMPONENT (AXIAL VELOCITY FOR CYLINDRICAL)* (CM/SEC)
C 4 - SPECIFIC ENERGY. (ERGS/GM)
C 5 - MASS IN THE CELL. (GM)
C
C** 2 NAMELIST INDATI/ (READ IN STRTNU)
C
C THIS DESCRIBES THE NEW BOUND9 PLANES. SOME EXPLANATION IS NEEDED.
C FOR LOW INDEX BOUND9 BOUNDARIES, HULL NEEDS VALUES CENTERED ON
C THE OUTSIDE EDGE OF EACH BOUNDARY CELL. FOR HIGH INDEX BOUND9
C BOUNDARIES, VALUES ARE NEEDED IN THE CENTER OF THE EXTERNAL CELLS.
C HULL WILL INTERPOLATE IN THE SPACE DEFINED ON A PLANE. IT WILL
C NOT EXTRAPOLATE. ACCURACY WILL BE BEST IF THE CELL CENTERS FOR
C THE NEW HULL GRID ARE SPECIFICALLY INCLUDED IN THE BOUND9 MESH.
C XNIXNHMYNlYNMZNlPZNM ARE THE LOCATIONS OF BOUNDARY PLANES.
C (XN(I),IZ1,INM)(YN(J),J1,JNM),(ZN(K),K1,KNM) ARE THE MESHES
C ON THE BOUNDARY PLANES.
C 2D DONOR CELL VERTICES ARE (XI(I),I., IMAX.I),(YI(J),JalJMAX,1)
C XO a XI(l) IS 0.0. Xt(IMAX 1) AND YI(IMAX Il EXTERNAL.
C THE HYDRO IN EXTERNAL CELLS IS NOT USEABLE9
C WE HAVE THE FOLLOWING RESTRICTIONS FOR A 3D RECIPIENT.
C FOR XMAX*XI(IMAX)o YMAXeYI(JMAX)o XO=XI(1)o AND YO-YI(Il",
C (SQRT(XN(I)**2+YN(J)**2) LT XMAX AND YO LE ZN(K) LE YMAX.
C ALL POINTS ON AN OUTPUT PLANE MUST BE INCLUDED INSIDE THE SPACE
C DEFINED BY THE 2D DONOR GRID.
C MAKING 2 OR 3 SEPERATE RUNS MAY BE MORE CONVENIENT.
C
C - - NAMELIST TERMS - -
C X41 - LEFT BOUNDARY. DEFAULT "0.0.
C XNM - RIGHT EXTERNAL BOUNDARY CELL CENTER. REQUIRED.
C YNI - 2D BOTTOM BOUNDARYP 3D AFT BOUNDARY. DEFAULT a 0.0.
C YAM - 2D TOP, 3D FORE, EXTERNAL BOUNDARY CELL CENTER. REQUIRED.
C ZNI - 3D BOTTOM BOUNDARY. DEFAULT a 0.0.
C ZNM - 3D TOP EXTERNAL BOUNDARY CELL CENTER. REQUIRED FOR 3D.
C
C INM - NUMBER OF X POINTS IN OUTPUT ARRAYS. DEFAULT m 200.
C JNM - NUMBER OF Y POINTS IN OUTPUT ARRAYS. DEFAULT a 200.
C KNM - NUMBER OF Z POINTS IN OUTPUT ARRAYS. DEFAULT a 200.
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C

C TSH - SHIFT IN TIME. TIMENU a TIMEIN - TSH. DEFAULT • 0.0.
C XSH - X SHIFT. XNU - XIN - XSH, DEFAULT - 0.0
C YSH - Y SHIFT. YNU a YIN - ZSH. DEFAULT a 0.0
C ZSH - Z SHIFT. ZNU w XIN - XSH. DEFAULT a 0.0
C
C
C THE OUTPUT MESH CAN BE DEFINED IN 2 MUTUALLY EXCLUSIVE WAYS.
C (1) IF INM'Os JNM>O, AND KNM)0, THEN
C XN(I) a XN1 + (I-1)*(XNM-XNI)/(INM-1) FOR I-IINM
C YN(J) a YN1 + (J-1)*(YNM-YN1)I(JNM-l) FOR J=1#JNM
C ZN(K) a ZN1 + (K-1)*(ZNM-ZN1J/(KNM-11 FOR K-lKNM
C
C (2) IF ANY OF INM, JNMP OR KNM ( D THEY ARE SET POSITIVE AND
C THE FOLLOWING LINES ARE READ WITH FORMAT (E15.BPI5):
C XN(1)
C DX1PN1 - FROM WHICH XN(I) - XN(X-1)+DX1 FOR 1w2 TO N1+1
C DX2pN2 - FROM WHICH XN(I) v XN(I-1)+DX2 FOR I=N1 1 TO N14NZ4T.
C . . . . . .

C DXLNL -- FOR XN(I) UP TO I=1+N+N2*.ooL (-? INN).
C ANYp-1 -- TERMIMATOR FOR X GRID.
C MUST HAVE leNl+N2+9**NL • INM.
C
C FOLLOWED BY SIMILAR INPUT FOR YN(J) AND THEN ZN(K).
C
C THEN,
C
C** 3 NAMELIST INDAT21 MORE INPUT FOR NEW PROBLEM. (READ IN STRTNU)
C
C NGEOM - NEW GEOMETRY. 2 IS CYLINDRICALY 1 IS CARTESIAN.
C DEFAULT IS I (CARTESIAN)
C
C NDIMEN - OUTPUT DIMENSIONS. 2 OR 3. DEFAULT a 3.
C
C NNH - NUMBER OF OUTPUT HYDRO VARIABLES PER POINT.
C DEFAULT 5.
C
C (NBND(I)vImIv6) - SIGNAL FOR BOUNDARY I@
C FIND OUTPUT FOR BOUNDARY I IF NBND(I) a 1. DEFAULT w 0.
C BOUNDARIES IN ORDER ARE LEFTPRIGHTBOTTOMvTOPAFTFORE.
C (AT LEAST ONE NBND(I) - 1o OR A NULL REQUEST.)
C
C (NFDUT(I),I=Ib) - FILE TO STORE NBND(I) RESULTS IN,
C DEFAULT *I + 10.
C THESE ARE THE 4TH THRU 9TH FILE ON PROGRAM LINE.
C THOSE WITH NBND(I) a I TO BE CATALOGED IN THE RUNSTREAM.
C
C** 4 NAMELISTITABDATI CONTROLS TAB OF BOUND9 FILES. (READ IN REWRIT)
C
C 1INITPR1I),Iw1,6) - FIRST DUMP OF NFDUT(I) TO TAB. DEFAULT=1.
C
C (LASTPR(Ir)Iw1p6) - LAST TIME DUMP OF NFOUT(I) TO TAB. DEFAULTwO.
C
C (INITRO(I)lole,6i - FIRST ROW OF NFOUT(I) TO TAB. DEFAULT a 1.

C (LASTRO(1)aI=oi6) - LAST ROW OF NFOUT(1) TO TAB* DEFAULT - 10.
"." C
°'-" C

C *** SUBROUTINES ***
C MOST OF THE PROGRAM IS IN THE MAIN PROGRAM CALLED HULLUP.
C THERE ARE NOW (8108184) SIX SUBROUTINES.
C
C STRTIN - INITIATION FOR READING THE INPUT FILE (IN9).
C READ HEADER RECORD FROM IN9. CHECK THAT OLD PROGRAM NUMBER

70

. . . . . . . . . .

*. " " . ., .. ." . ... .- . . .- . . .. ' . . :. ,' .. . ','-..' .' . ' ," " .' .. '. - ' ".. . ,-.- . .. '-"--- .-.*, " - .- " *. ..,. - .-



C IS PROBIN. READ THE FIRST Z-BLOCK9 EXTRACT AND COMPUTE TERMS.
C CHECK THAT INPUT ARRAY MAXIMA, (IIBIG, IJBIGIKBIGILBIG)P ARE
C LARGE ENOUGH.
C
C STRTNU - INITIATION FOR THE NEW HULL.
C READ NAMELIST INPUTS NDAT1 AND NDAT2. SET UP OUTPUT POINTS
C AND PARAMETERS. CAECK THAT OUTPUT ARRAY MAXIMAP (NIJKMAX
C AND NLBIG)v ARE BIG ENOUGH.
C
C NXTIM(IEND) - LOCATES NEXT TIME DUMP ON IN9. (2D ONLY)
C IF ITIME • D SEARCH FOR CYCLEI.CSTART. READ DUMP HEADEP.
C BYPASS THE Z-BLOCK. READ 2D VERTICES AND SET UP VOLUME TERMS
C AND 4IDCELL VALUES. SET IEND TO Op lo OR -1. 0 FOR HYDRO
C DATA AVAILABLEP 1 FOR NORMAL FILE END, -1 FOR READ TROUBLE.
C
C FINDIII#ZYIM) FIND I FOR LINEAR INTERPOLATION IN Y.
C I-l IF Z < Y(2)v I-IM-1 IF z ) Y([M-l)p OR Y(I < Z <- Y(11I).
C
C NXTBLK(JPIHB) - GET HYDRO INPUT DATA. (20 INPUT ONLY)
C IHB IS THE LAST HYDRO BLOCK READ# JP IS ROW OF DATA NEEDED.
C THE PROGRAM CHECKS FOR BLOCK NEEDED* IT IS PUT IN HYDROI(-).
C
C WRITOL(IBNDNFXXSY, NYYSPZNZZSBpNL) - TEMPORARY DUMP TO NF.
C ROW DUMP FOR A BOUNDARY PLANE. IF FIRST ENTRANCE FOR THIS
C TIME, DUMP HEADER AND GRID. AFTER NZ ENTRANCES FOR FILE NF
C THERE ARE 2+NZ RECORDS ON FILE NF.
C 1 - HEADER OF 7 TERMS.
C 555,vPROBrNvTIMINpXpNNHvNYvNZ

A C 2 - LOCATION OF POINTS IN THE PLANE.
C (Y(J),JulNY)l(Z(K),K-1NZ)
C 2+NZ - HYDRO DATA FOR THE FOR KTH ROW IN PLANE, (K*lNZ).
C (BND(L),L=1#NL) WHERE NL a NNH*NY.
C AFTER THE FINAL TIME DUMP A HEADER IS DUMPED, ALL 666.
C
C REWRIT(IBNDPNF) - REPLACES CONTENT OF FILE NF WITH FINAL OUTPUT.
C THE CONTENTS OF NF ARE PUT INTO 2 FILES THEN COLLATED
C AND PUT BACK ON NF WITH 2 SUCCESSIVE TIMES AT EACH DUMP.
C AGAIN THERE ARE 2 + NZ RECORDS PER TIME DUMP.
C EXCEPT FOR 2 SUCCESSIVE TIMES, TI1,T12p TERMS AS IN WRITPL,
C 1 - HEADER 09 B TERMS.
C 555,,PROBINTIlT12,X, NNHNYNZ
C 2 - LOCATION OF POINTS IN THE PLANE
C (YN(J),Jwl, NY),(ZN(K),K1, NZ)
C 2 NZ - HYDRO DATA AT TIl AND THEN T12 FOR ROW K, (K.1,NZ).
C (BND(L),La1,NL),(BND2(L),L=1lNL) WHERE NL-NNH*NY.
C BND(L) IS HYDRI AT TIME TIl, BNDZ(L) HYDRO AT TIZ.
C *** AFTER THE FINAL TIME DUMP A HEADER IS DUMPED, ALL 666.
C
C

C * * * * * GLOSSARY OF TERMS * * * * *
C SYMBOLS - * NAME IN A COMMON.
C D NAME IN A COMDECK (CDINIv CDNUI, OR CDCOM).
C 4 IN A NAMELIST INPUT.
C Z VALUE IS FROM ZBLOCK ON (IN9I, DIRECT OR COMPUTED.
C _XXXXX_ DEMOTES PARAMETER IN COMDECK CDINI OR CDNUl.
C
C *0 BND(_NLBIG_) - ARRAY FOR ROW OF NEW HYDRO DATA.
C O BND2(_NLBIG_) - ARRAY FOR ROW OF NEW HYDRO DATA.
C *N CSTART - STARTIG CYCLE TO BE MATCHED ON FILE IN9.
C N CSTOP - STOP PROCESSING CYCLES AFTER CYCLEI )- CSTOP.
C * CYCLEI - PRESENT CYCLE.
C *OZ DELXI(_IIBIG1) - VOLUME CONTRIBUTION IN X DIRECTION FOR CELL.
C *DZ DELYI(_IJBIG_) - VOLUME CONTRIBUTION IN Y DIRECTION FOR CELL.
C *DZ DELZI(_IKBIG_) - VOLUME CONTRIBUTION IN Z DIRECTION FOR CELL.
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C CDCOM - COMDECK, COMMONS /CDIN3/ AND /CDNU3/.
C COIN1 - COMDECKP COMMON/CDINlf PARAMETERS AND DONOR ARRAYS*

C CDNU1 - COMOECK, COMMON/CDNUllp PARAMETERS E RECIPIENT ARRAYS.
C FINDI - SUBROUTINE TO LOCATE INTERPOLATION INDEX.
C *DZ HYDROI(_ILBIG_) - ARRAY FOR 1 BLOCK OF ItPUT HYDRO VALUES.
C IBND - COUNT ON POSSIBLE OUTPUT FILES.
C * ICOV - CONVERSION TYPE. 2 IS CYLINDRICAL TO 2D CARTESIAN,
C 3 IS CYLINDRICAL TO 3D CARTESIAN. (3 ONLY 8/08/84)
C COMBINES IDIMEN, IGEOMP NDIMEN, AND NGEOM.
C Z IDIMEN - DIMENSIONS OF OLD HULL RUN.
C IEND - SIGNAL FROM NXTIM. 0 MEANS NEW TIME ON FILE (IN9).
C 1 MEANS NORMAL END OF INN, -1 DENOTES READING ERROR.
C *Z IGEOM - GEOMETRY OF OLD HULL RUN. 1 CARTESIAN, 2 CYLINDRICAL*
C 0 .IIBIG_ - ARRAY SIZE. NEED IIBIG > IIMAX.
C *Z IIMAX - IMAX FROM DONOR Z-BLOCK.
C *Z IIMAX1 - IIMAX + 1.
C D _IJBIG_ - ARRAY SIZE. NEED IJBIG > IJMAX.
C *Z IJMAX - JMAX FROM DONOR Z-BLOCK.
C *Z IJMAX1 - IJMAX * 1.
C 0 _IKBIG_ - ARRAY SIZE. NEED IKBIG > IKMAX,
C *Z IKMAX - KMAX FROM DONOR Z-BLOCK.
C *Z IKMAXI - IKMAX + 1.
C D _ILBIG_ - ARRAY SIZE. NEED ILBIG >- INHPB - IIMAX*IROWPB*INH
C *N INQ - FILE NUMBER OF OLD HULL RESTART FILE.
C *2 INH - NUMBER OF HYDRO VARIABLES/POINT IN OLD 4ULL.
C *Z INHPB - NUMBER OF HYDRO VARIABLES/BLOCK IN OLD HULL.
C N INITPR(6) - TIME DUMP TO START TABULATION OF NFOUT(I),I-16.
C N INITRO(63 - INITIAL ROW TO START TABULATION IN NFOUT(I),I,1,
C *N INM - NUMBER OF OUTPUT POINT IN X DIRECTION.
C IP - POINTER FOR INTERPOLATION IN X.
C *Z IROWPB - ROWS/BLOCK IN HYDROI.
C * ITIME - TIME DUMPS PROCESSED. (REPEATED FOR EACH BOUNDARY)#
C * ITYDE - INPUT TYPE. 1-CYLINDRICAL, Z%2D CARTESIAN, 3=30.
C *N JNM - NUMBER OF Y DIRECTION POINTS FOR OUTPUT.
C JP - POINTER FOR INTERPOLATION IN Y.
C *N KNM - NUMBER OF Z DIRECTION OUTPUT POINTS.
C N LASTPR(6) - TIME DUMP TO STOP TABULATION OF NFOUTII),I*1,6.
C N LASTRO(6) - LAST ROW TO TABULATE IN NFOUT(Z),I=1,6.
C *N NBND(b) - SIGNAL FOR BOUNDARY OUTPUT. 0 IS NOP 1 IS YES*
C N NDIMEN - DIMENSION FOR NEW HULL.
C *N NFOUT(6) - FILES FOR BOUNDARY OUTPUT FOR NEW HULL.
C N NGEOM - GEOMETRY OF NEW HULL RUN. ONLY I (CARTESIANI NOW.
C MAY ADD 2 FOR CYLINDRICAL LATER.
C D _NIJKMAX_ -ARRAY SIZE. NEED NIJKMAX -= MAX(INMJNMPKNN)l.
C 0 _NLBIG_ - ARRAY SIZE. NEED NLBIG >- MAX(NXPL#NYPLNZPL),
C *N NNH - HYDRO VARIABLES/POINT FOR NEW HULL PROBLEM (9 FOR 301.
C NTYPE - NEW HULL TYPE. laCYLINDRICAL, 2.2D CARTESIAN, 3.3D.
C * NXPL - NUMBER OF HYDROS/LINE FOR OUTPUT X-PLANES (NNH*JNMI.
C NXTBLK - SUBR3UTINE TO FIND NEXT BLOCK OF HYDRO DATA ON (IN9).
C NXTIM - SUBROUTINE TO FIND NEXT TIME DUMP ON FILE IN9,
C BYPASS Z-BLOCK, READ AND PROCESS VERTICES.
C * NYPL - NUMBER OF HYDROS/LINE FOR OUTPUT Y-PLANES (NNH*INMI.
C 0 NZPL - NUMBER OF HYDROS/LINE FOR OUTPUT Z-PLANES (NNH*INMI*
C *N PROBIN - PROBLEM NUMBER OF DONOR HULL PROBLEM.
C STRTIN - SUBROUTINE. CHECKS PROBLEM NUMBER, GETS Z-BLOCK DATA,
C CHECKS ARRAYS FOR INPUT.
C STRTNU - SUBROUTINE. READS NAMELIST INPUT FOR NEW HULL.
C SETS UP POINTS. CHECKS OUTPUT ARRAYS SIZES.
C * TIMEIN - TIME OF HULL DUMP BEING PROCESSED.
C TI1TIZ - TIMES FROM 2 SUCCESSIVE HULL DUMPS.
C *4 TSH - TIME SHIFT FROM OLD TO NEW HULL.
C *DZ XI(_IIBIG_) - VERTICES, THEN MID-CELL VALUES, FROM OLD 14ULL.
C *D XN(_NIJKMAX.) - OUTPUT POINTS IN X DIRECTION.
C *N XNi - LEFT OUTPUT BOUNDARY. MAY BE MINIMUM X FOR OUTPUT GRIDS
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C *N XNM - RIGHT EXTERNAL CELL CENTER. MAY BE MAX X FOR GRIDS.
C *N XSH - SHIFT IN X FROM OLD TO NEW HULL,
C * XYZB(6) - OUTPUT BOUNDARY LOCATIONS. (XNIPXNMYNIPYNM, ZNlPZNM)
C *D YIfIJBIG.) - VERTICES, THEN MIDCELL VALUES FROM OLD AULL.
C *D YN(.NIJKMAX_) - OUTPUT POINTS IN Y DIRECTION*
C *N YN1 - AFT OUTPUT BOUNDARY (3D). BOTTOM BOUNDARY (20).
C MAY BE MINIMUM X FOR nUTPUT GRIDS FOR Y AND Z PLANES.
C *N YNM - EXTERNAL CELL CENTER, FORE BOUNDARY 3DP TOP BOUNDARY 2D.
C MAY BE MAXIMUM Y FOR OUTPUT GRIDS FOR X OR Z PLANES.
C *N YSH - SHIFT IN Y FROM OLD TO NEW HULL.
C *DZ ZI(-IKBIG_) - VERTICESP THEN MIDCELL VALUES, FROM OLD HULL.

V C *D ZN(_NIJKMAX_) - POINTS FOR OUTPUT IN Z DIRECTION.
C *N ZN1 - BOTTOM BOUNDARY. MAY BE MINIMUM Z FOR OUTPUT GRIDS.
C *N ZNM - TOP EXTERNAL CELL CENTER. MAY BE MAX Z FOR OUTPUT GRIDS
C *N ZSH - SHIFT IN Z FROM OLD TO NEW HULL.
C
C

C
*CALL CDIN1
*CALL CDNU1
*CALL CoCnM
C SET UP PARAMETERS FOR INPUT FILE

NAMELIST IINDATI/ IN9, PROBIN, CSTARTCSTOP
C INPUT DEFAULTS

IN9 w 9
CSTART - 0
CSTOP a 9999999.0
READ( 5,INDAT1)
WRITE (6, INDATI)
CALL STRTIN

C SET UP PARAMETERS FOR THE NEW HULL DATA.
CALL STRTNU

C READY. GO TO CODING FOR SELECTED CONVERSION.
IF(ICONV .EQ. 2)GOTO 2000
IF(ICONV ,EQ. 3)GOTO 3000
WRITE(6,25)ICONV
STOP I ABORT HULLUP 25. NO ICONV CODING.'

25 FORMAT(/I' *** ABORT. HULLUP Z5 NO CODING FOR ICONV 0 °.12)

C CODING FOR ICONV m2 NOT YET INSERTED.
2000 CONTINUE

WRITE (6 2O5) ICONV
STOP 4 ABORT HULLUP 2005. NO ICONV CODING.'

2005 FORMAT(//@ ** ABORT. HULLUP ZOO . NO CODING FOR ICONV a 112)

C ICONV a 3. INPUT 20 CYLINDRICAL# OUTPUT 3D CARTESIAN.
C START LOOP ON BOUNDARIES FOP IBNO-I,6.
3000 IBND a 0
3010 IBND a IBNO * 1

IF(IBND .EQ. 7)GOTO 10000
IF(NBND(IBND) *GT. O)GOTO 3020
GOTO 3010

C START LOOP ON TIME. ITIME IS A COUNTER.
3020 ITIME a 0

REWIND(IN9)
C FIND NEXT TIME DUMP (INITIALLY FIND CSTART) AND VERTICES.
3030 CALL NXTIM(IEND)

C IF END OF READABLE FILE, GOTO END OF TIME LOOP.
IF(IEND .NE. O)GOTO 3900

C THE INPUT TIME DUMP HAS BEEN FOUND.
C VERTICES READD CELL CENTERS AND VOLUME VALUES SET.
C BRANCH ON BOUNDARY. 1,2 X-PLANE 3#4 Z-PLANEP 5,6 Y-PLANE.

GOTO(3050,3050e,350O,350O, 375O, 3750), IBND
C
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C XPLANE BOUNDARY. IBND w 1 OR 2.
3050 CONTINUE

C SET UP SOME PARAMETERS*
C NN a (JN-1)*NNH IS LOCATION FOR OUTPUT HYDROS.
C KN IS ROW, JN IS COLUMN IN THE OUTPUT PLANE.
C 1148 IS INPUT HYDRO BLOCK NUMBER.
C JP A4D JP2 ARE THE ROW POINTERS IN THE INPUT PLANE.
C YI(JP) .LE. ZN(KN) .LT. YI(JP2). JP2 a JP + 1.

IHB.a0

JP2 a JP.1
C START LOOP ON ZN.

DO 3140 KNol1,KNM
NNu 0
ZP a ZN(KN)
CALL FINDI(JPZPYIIJMAX)

C ZR IS THE INTERDOLATION RATIO FOR Z IN YI(JP) Tfl YI(JP41.
ZR = (ZP - YI(JP))/(YI(JP+1)-YI(JP))
IF(JP .LT, (IHB-l3*IROWPB 41 .OR. JP .GT. [HB*IROWPB)
*CALL NXTBLK(JPIb4B)

C GET READY TO INTERPOLATE IN XI (FOR F(RYI(JP)),
IP a1

C X-PLA4E. START LOOP ON JN.
XP a XYZB(IBNO)
xPsQ a xP*xp
DO 3090 JNa1,JNM
YP a YN(JN)
YPSQ YP*YP
RIN =S0RT(XPSO + YPSQ)
CALL FINDI(IPRINXIsIIMAX)
LI a ((JP-(1HB-1)*IROWPB -1I*IIMAX + IP-1)*INH
RR a (RIN - XI(IP3)/(XI(IPe1) - XI(IPH)

C FIND F(RINoXI(IP)) FOR F a VRVZE#RHO*
C RADIAL VELOCITY, AXIAL VELOCITY, SPECIFIC ENERGY, AND
C DENSITYPRESPECTiVELYe DENSITY is MASSIVOLUME.

BND(NN+2) a HYfbROI(LI+2) + (HYOROI(LI*2+INH3 - HYDROI(LI42fl*RR
BND(NN43) w HYDROI(L143) 4 (HYDROIILI+341NH) - HYDROI(L143))*RR
BNO(NN+41 a HYDPOI(LI.4) * (HYDROI(LI44INH) - HYDROI(LZ.4))*RR
R401P w 4YDROI(LI+5)/(DELXI(IP )*DELYI(jP) I
RHOIPI a HYDROI(LI.54INH)/(OELXI(IP1I)*DELYI(JP))
BND(NN+5) a RHOIP + (RHOIPI - RHOIP)*RR
NN aNN +NNH

3090 CONTINUE
C FINISHFD INTERPOLATION FOR F(RYI(JP)) FOR A ROW.
3100 NNwO

1P a 1
C YI(JP2) IS NOW THE INPUT Y. Y GT ZN. (JP2wJP*1)
C IS A NEW INPUT HYDRO BLOCK NEEDED?

IF (JP2 eBTo IHB*IROWPB)CALL NXTBLK(JP2#IHB)
C READY TO INTERPOLATE FOR F(RYI(JP2I, THEN FOR F(RvZ).
C X-PLANE. IBND - 1 OR 2. LOOP ON YN.

DO 3130 JNm1,JNM
YP m YN(JN)
YP5Q - yP*yp
RIN u SORT(XPSQ + YPSO)
CALL FINOI(IPPRINXIPIIMAX)
LI w ((JP2 -(IHB-1)*IROWPB -1)*IIP9AX + IP-1)*XNH
RR a (RIN XI(IP)II(XI(IP41) - XI(IP)I

C FIND F(RINYI(.)I, THEN F(RINPZNI FOR VXVYVZERHOo
HYDRDP a HYDROIfLX.2) + tHYDROI(LI+2+INH) - HYDROI(L14'2))*RR
HYDROP - BND(NN+2) + (HYDROP - BND(NN+2))*ZR

C HYDROP a yR. FIND AND SAVE VX AND VY VELOCITY COMPONENTS.
IF(PIN *GT* 0.O)GOTO 3103

C ZERO RADIUS. SET VX a VY a 0.0.
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BND(NN+l) a 0.0
BND(NN+2) w 0.0
GOTO 3104

3103 BND(NN*1) a IYDROP*XP/RIN
BNDfNN+Z) a IYDROP*YP/RIN

3104 AYDRIJP a HYDROI(LI*3) + (HYDROIfLI+3+INH) - HYDROI(LI431)*RR
BND(4N+3) a BND(MN+3) + (HYDRt3P - BND(NN.3fl*ZR
IYDR3F v HYDROI(LI+4) + (HYDROI(LI+4.INH) - HYDROIILI+4))*RR
BND(NN*4) a BND(NN44) + (HYDROP - BND(NN+4))*ZR
RHO!' * IYDROI(LI,5)I(DELXI(IP)*DELYI(JPZ))
Rt4OIP1 aHYDROI(LI,5,INH)/(DELXI(IP1I)*DELYI(JP2))
HYDROP *RHI0P + (RIOIP1 - RHOIP)*RR
BND(NN+5) - OND(4N*5) + (HYDROP - BND(NN+5))*ZR
NN a NN + NNH

3130 CONTINUE
* CALL WRITPL(IBND,

+NFaUT(IBND) ,XPXSHYNJNMYSHZNK4MZSHBNDMXPLI
3140 CONTINUE

GOTO 3850
- C

C YPLANE BOUNDARY. JUNO a 5 OR 6.
3750 CONTINUE
C SET UP SOME PARAMETERS.
C NN a (IN-1)*NNH IS LOCATION FOR OUTPUT HYDROS.
C KN IS ROWP IN IS COLUMN IN THE OUTPUT PLANE.
C IHB IS INPUT HYDRO BLOCK NU4BER.
C JP AND JP2 ARE THE ROW POINTERS IN THE INPUT PLANE.
C YI(JP) *LE* ZNfKN) *LTe YI(JP2)o JP2 a JP + 1.

IHS a 0
J2a JP43
aP 1

C START LOOP ON ZN.
DO 3840 KN*1,KNM
NN a0
ZP a ZN(KN)
CALL FINDI(JPZPYIPIJMAX)

C ZR IS THE INTERPOLATION RATIO FOR Z IN YI(JPI TO YIIJP+1).
ZR a (ZP - YI(JP)1/(YICJP+1)-YIIJP))
IF(JP oLT. (IHB-1)*IRDWPB +1 .OR. JP .GT. IHB*IROWPBI

+ CALL NXTBLK(JP,194B)
C GET READY TO INTERPOLATE IN XI (FOR F(RYIIJP)).

IP a 1
C Y-PLANE. START LOOP ON IN.
3770 YP a XYZB(IBND)

YPsO a PY
DO 3791 INwl, INN
XP a XN(IM)
XpSO a XO
RIN - SQRT(XPSO + YPSQ)
CALL FINDI(IPRINXI*IIMAX)
LI a ((JP-(114B-1J'IROWPO 1l)$IIMAX *IP-1)*INH
RR o (RIN - XI(IP))/(XIfI0*1) - ICIPI)

C FIND F(RINPXI(IP)) FOR F *VRVZEPRHD.
C RADIAL VELOCITY# AXIAL VELOCITY, SPECIFIC ENERGY, AND
C DENS ITYPRESPECTIVELY. DENSITY IS MASSIVOLUNE.

9ND(NN+2) a HYDROI(LI+2) + (HYDROI(LI+2+IN41 - HYDROi(LI,21l*RR
BND(NN+3) a IYDROI(LI+31 + (HYDROI(LI#+INH) - HYDROI(LI+3))*R
BND(N4) a HYDROI(LI+4) + (HYDROI(L1+4+INH) - HYDROI(LI+413*RR

RHOIP H YDROI(LI,5)/(DELXI(IP)*DELYI(JP))
* RHOIP1 H YDROI(LI,5+INH)/(DELXI(IP+11*DELYI(JPII

BNDINN.5) w RHOIP + (RHOIPi - RHOIP)*RR
NN a NN + NM

3791 CONTINUE
C FINISHED INTERPOLATION FOR F(RPYI(JP)) FOR A Raw$.
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3500 NNm0
* IP - 1

* C YI(JP2) IS NOW THE INPUT Ys Y GT ZNo IJP2-JP+l)
C IS A NEW INPUT HYDRO BLOCK NEEDED?

IF (JP2 *GT. 14*IROWPB)CALL NXTBLK(JP2vIHB)
C READY TO INTERPOLATE FOR F(RPYI(JPZID THEN FOR F(R#Z~o
C LOOP FOR K-PLANE ORt Y-PLANE?
C Y-PLANE. IOND a 5 OR b. LOOP ON XN.
3810 DO 3831 IN-lINN

XP a XN(IN)
XPSQ a XP*XP
RIN a SQRT(XPSO + YPSO)
CALL FINDI(IPPRINXIIIMAX)
LI w ((JPZ (IHB-1)*IROWPB -13*IIMAX + IP-114INH
RR a (RI4 X1(IP))/(XI(IP.1l - XI(1P)

C FIND F(RINpYI(+.3l, THEN F(RINpZN) FOR VXPVYPVZE*RHOe
HYDRflP - HYRl(LI+2) + (HYDROI(LI+2.INH) - HYDROL(LI+211*RR
HYDROP - BNDe4N.2) + (HYDROP - BND(NN.Z))*ZR

C HYDROP w yR. FIND AND SAVE VX AND VY VELOCITY C04PONENTSo
IFIRIN .GT* 0.0)GOTO 3813

C ZERO RADIUS, SET VX a VY a 0.0.
BND(NN+l) - 0.0
BNO(NN+2) a 0.0
GOTfi 3814

3813 BND(NN+l) a HY0ROP*XP/RIN
BND(NN+2) a HYDROP*YP/RIN

3614 4YDROP - HYDROI(LI+3) + fHYDROI(LZ*3+ZNN) - PIYDROI(LX*3))*RR
BND(NN+3) a BND(NN+3) + (HYDROP - BND(NN+3))*ZR
HYDROP a HYDROI(LI+4) + IHYDRDI(LI*4+INH) - HYDROILI*41)*RR
BND(NN.4) a BND(NN+4) + (HYDROP - BNO(NN*4dI*ZR
RHOIP * 'YDROI(LI.53 I(DELXI(IP)*DELYI(JP2))
RHOIP1 HYDROI(LI.5+INH)/(DELXI(IP.1)*DELYI(JP2))
HYDPOP *RHOIP + (RHOIPi - RHOIP)*RR
BND(NN+5) - 5ND(NN+5) + (HYDROP - BND(NN+5i)*ZR
NN a NN + NNH

3631 CONTINUE
CALL WRITPL(IBNDP
NFOUT(IBND),YPYSHgXNINMXSHZNKNM, ZSNBNDNYPL)

3840 CONTINUE
C TIME DUMP FOR AN X-PLANE OR Y-PLANE BOUNDARY NOW COMPLETE.
3650 CONTINUE

ITIME - ITIPIE + 1
C DI WE WANT ANOTHER TIME DUMP?

IF(CYCLEI *LT* CSTOPIGOTO 3030
GOTO 3900

C Z-PLANE BOUNDARY. IBNO v 3 OR 4s (20 CYLINDRICAL TO 3D)
3500 ZP - XYZB(IBND)
C FIRST, FIND HYDRO BLOCK WITH ROW OF DATA FOR YI(JP) CZP.

IHB w 0
JP a 1
CALL FINDI(JPZPYIIJMAX)

C FIND INTERPOLATED VALUES AT Z *ZP ROW BY ROW.
C START LOOP ON R'9WSs
C FIRST, FIND VALUES AT Z a YI(JPI*

DO 3560 ,NnlpJNM
CALL NXTBLK(JP, IH8J
NN. 0
YP a YN(JN)

*YPSO a YP*YP
C START LOOP ON COLUMNS.

Ip - 1
DO 3510 IN-lINM
XP a XN(IN)
XPSQ a XP*Xp
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RIM a SQRT(XPS0 + YPSQ)
4 CALL FINDI(IPPRIM*Xl#IIMAX)

LI w f(JP-IIHB-1)*IRDWPB -1)*IlMAX + IP-I)INH
RR - (RIN - XI(IP))/(XI(IP+1) -XI(IP))

C FIND F(RINPXI(IP)) FOR F *VRVZERHO.
BND(NN+2) a HYDROI(LI*2) + (HYDRDIILI42*INtl) - HYDROI(LI+2fl*RR
BND(NN*3) a -4YDROI(LI.3) + (t4YDROI(LI+3+INHI - ,YDROIILI,3)I*RR
BND(NN+4) a HYDROI(LI+4) + (HYDROI(LI+4+ENHI - HYOROX(LI+41)'RR
RHOIP o HYDROI(LI.5)/(DELXI(IP)*DELYI(JP))
RHOIP1 a HYOROI(L145*INH)I(DELXI(IP,1)*DELYI(JP3)
BND(4N+5) s RH3IP + (RHOIP1 - RHOIPI*RR
NN a NM + MMII

3510 CONTINUE
C MOW* FIND INTERPOLATED VALUES AT Z a YIfJP4llt THEN AT ZP.

JP2 - JP + 1
IF(JP2 .GTo INB*IROWPB) CALL NXTBLK(JP2,IHBI

C COMPUTE INTERPOLATION PATIO IN Z.
ZR a (ZP - YI(JP2-1))/(YI(JP2) - YI(JP2-1))

C LOOP ON ROW*
NN - 0

C LOOP ON COLUMN,
IP a 1
D3 3550 INul, INM
XPvXN (IN)
XPSQ a XP*XP
RIM a SQRT(XPSQ + YPSQ)
CALL FINDIfIPPP.INPXIPIIMAX)
LI a ((JP2 -(IHB-1)*IROWPB -1)*IIMAX + IP-1)*INH
RR a (RIN -XI(IP))/(XILIP*1) - XI(IP))

C FIND F(RINYI(+))* THEN F(RIMZM) FOR VX*VYVZE#RHO.
HYDROP a HYDROI(LI*2) + (HYDRDI(L142*INHI - HYDROI(LI+2))*RR
HYDROP a BND(N4+2) + (HYOROP - BND(N2))*ZR

C HYDROP a yR. FIND AND SAVE VX AND VY VELOCITY COMPONENTS.
IFIPIN *GT. O.0)GOT0 3543

C ZERO RADIUS* SET VX a VY a 0.0.
BND(MN41) a 0.0
BMD(NN+22 - 0.0
GOTO 3544

3543 BMD(NM*1) w HYDROP*XPIRIN
BND(NN+21 a HYDROP*YP/RIN

3544 IYDROP - HYDROI(LI+3) + (HYDROI(L143+INH) - HYDROI(LI.3fl*RR
BND(NN+3) a BND(NN3) +(HYDROP - BND(MM+3))*ZR
HYDRI3P - HYOROI(LI+4) + (HYDROI(L1+4IMI - NYDROI(LI+4)I*RR
BND(MN+4) a BND(NN4) +. (HYOROP - BND(NN.4))*ZR
RHODIP u riYDROI(LI.5)/(DELXI(IP)*DELYI(JP2R)
RROIP1 a HYDROI(L.I*5.INH3/(DELXI(IP+l)*DELYI(JP2))
HYDROP a RHOIP + (RHOIP1 - RIOIP)*RR
BND(HN.5) - SMD(NN+5) +(HYDROP - BND(N5)I*ZR
NN a NN NNII

3550 CONTINUE
CALL WRITPL(ISMDP
+ MFOUT(IBNDIZPZSHXNINMXSHYNJNMPYSHSNDMZPL)

3560 CONTINUE
ITIME - ITIME + 1

C DO WE WANT ANOTHER TIME DUMP?
IF(CYCLEI .LTo CSTOP)GOTO 3030
GOTO 3900

C END OF THE TIME LOOP FOR ICONV a 3
3900 GOTO 3010

C- - - - - - - - - - - - - - - - - - - - - - - - - - -
C END OF HULLUP. PUT TERMINAL SIGNAL ON FILES.
10000 DO 10010 Iw1,6

NF a NFOUT(I)
IF(NBNDIl) *GTo 0)WRITE (NF) 66b.,666.,666.,666.,eb6,666,6b6
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C TABULATE A PORTION OF EACH BOUND9 FILE.
IF(NBND(1) *GTo O3CALL REWRIT(INF)

10010 CONTINUE
WRITEt6,10025) ICONV
STOP' NORMAL END OF HULLUP'

10025 FORMAT(f NORMAL END OF 'IULLUP. ICONV 8',12)
END
SUBROUTINE STRTIN

%C CHECK PROBLEM NUMBER ON FILE IN9 IS PROBIN.
%C READ Z-BLOCK AND EXTRACT INPUT PARAMETERS.

C CHECK THAT INPUT ARRAYS ARE LARGE ENOUGH.
C
*CALL CDIN1
*CALL COCOM
C

DIMENSION DI01(43, IZ(200lpZBL(ZOOJ
EQUIVALENCE ( IZ, ZBL)

C
C CHECK THAT INPUT PROBLEM NUMBER IS PROBIN.

REWIND (1N9)
NTRY a 0

10 IF(NTRY .LT. 1O)GOTO 20
WRITE(6,15) IN9
STOP' ABORT PROBLEM AT STRTIN 10.'

15 FORMAT (11' * ABORT. INPUT PROBLEM AT STRTIN 10. FILE TAPE'I1)
20 NTRY a NTRY + 1

% READ(IN9)(DIOI(Ilpl.1,41
IF(En1F(IN9) 9NEo 0)GOTO 10
IF(ABS(DIDZ(2) - PROBIN) .LTv 0.00001)GOTO 40
WRITE(6*35) IN99DIDI(2)PPROBIN

% 35 FORMATI' ** ABORT. PROBLEM NUMBERS DIFFER*'/
* ' PROBLEM NUMBER ON FILE',13ol IS lsE15961
* ' INPUT PROBLEM NUMBER, PROBIN, IS ',E1S*1

* STOP' 0* ABORT. STRTIN 30o PROBLEM NOS. DISAGREE.'
C PROBLEM NUMBERS CHECK. READ Z-BLOCK. SET UP IN-PARAMETERS.

40 READ(IN9)(ZBL(I),Iwl1,200)
DO 50 1-1,92
IF(IZ(I.100J .EQ. 6HOIMEN I IDIMEN a ZULII) * 0.5
IFIIZ(1+1001 .EQ. 6HGEOM ) IGEOM a ZBL(I) + 0.5
IF(IZ(1.100) .EQ. 6HIMAX ) ZIMAX a ZBL(1) + 0.5
IF(IZII.100) sEQ. 6HJMAX ) IJMAX a ZULII) * 0.5
IF(IZ(I+100) *EQ* 6HKMAX ) IKMAX a ZBL(I) + 0.5
IF(IZ(1.100) .EQ. 6HNH I INN a ZBLUI) + 0.5
IF(IZ(I+100) *EQ. 6HNROWPB) IROWPB a ZULUI) + 0.5

50 CONTINUE
INHPR a IIMAX*INI4
INHPB a INHPR*rROWPB
ITYPE a IDIPIEN
IFfIGEOM *EQ. 21ITYPE - 1
1IMAXi a IIMAX + 1
IJMAX1 a IJMAX + I
IKMAX1 - rKMAX + 1

C CHECK ON THE INPUT ARRAY LENGTHS
IF(IIBIG*GE.IIMAX1 oAND. IJBIG.GEoIJMAX1 oANDe IKBI69GEolKNAXI
*.AN~o XLBIG9GEoINHPB)GOTO 100
WRITE(6,55)IIBIGPIJBIGIKBIGILBIGPIIMAXIIJMAX1,IKMAX1,INHPB
STOP$ ** ABORT. STRTIN 55. DONOR ARRAY@

55 FORMAT(II' ** ABORT. STRTIN 55. DONOR ARRAY TOO SMALL.',
+ /I ZIBIGP IJBIG, IKBIG, ILBIG a ',4110,
S/1 IIMAX1,ZJNAX1,IKMAXJINHPB 0 1,4110)

100 WRITE(6,105)PROBIN
RETURN

105 FORMAT(/$ READY TO PROCESS PRDB',F1O.4)
*1 END
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SUBROUTINE STRTNU
C SET JP OUTPUT CONTROL PARAMETERS FROM DEFAULT AND INPUT.
C
*CALL CDNUl
*CALL CDCOM
C

CNAMELIST/NDAT1/XNIoXNM,YN1,YNM,ZN1,ZNMD INM,JNMPKNMTSHXSH*YSNZSH

NAMELIST /NDAT2INGEOMNDIMENNNt4,NBNDNFOUT
C DEFAULT VALUES
C ~ 40 ACTIVE BOUNDARIES* OUTPUT FILE FOR BOUNDARY I IS 10+I,

DO 10 1-1#6
NBND(I) *0

NFOUT(I) *10+1

10 CONTINUE
C GEOMETRY IS CARTESIAN* DIMENSION IS 3.

NGEOM I
NOIMEN *3

C DEFAULT NUMBER OF NEW HYDRO VARIABLESIPOINT IS 5.
NNH a5

C DEFAULT BOUNDARIES SET TO 0.0. DEFAULT SHIFTS SET TO 0.0.

XN1 a 0.0
XNM a 0.0
YN1 a 0.0
YNM a 0.0
ZN1 a 0.0
ZNM a 0.0
TSH a 0.0
XSH a 0.0
YSH a 0.0
ZSH a 0.0

C DEFAULT OUTPUT GRID DIMENSIONS SET TO Z0o
INM a 20O
JNM a 200

4.KNM - 200
C READ NDAT1 PARAMETER CHANGES AND PRINT PARAMETERS

READ(C5,NDAT1I)
WRITE (6pNOAT11
IF(INM.LT.O .OR* JNM.LT&O oORe KNI .LT90)GOTO 200

C GRID INDICES POSITIVE. SET EVENLY SPACED GRID.

C SET GRID VALUES. FIRST, FORCE AT LEAST 2 POINTS.
IF(rNM .LT. 2) INM a 2
IF(JNM ALT. 2) JN19 a 2
IF(I(NM .LT. 2) KNM a 2
DELD a (XNM - XN1)IHINM - 1)
XN(I) a XN1
DO 20 102, INK
XN(I) v XN(I-1) +DELD

20 CONTINUE
DELD *(YNM - YNI3/IJNM - 1)
YN(13 YN1
0O 30 Jo2#JNm
YN(J) a YN(J-11 + DELD

30 CONTINUE
DELD *(ZNM - ZNI)ICKNM - 1)
ZN(1) *ZN1

DO 4.0 Kw2,KNM
ZN(K) m ZNIK-1) + DELD

40 CONTINUE
245 IF(ABS(XN(INM)-XNMI .LT. 0.0OC001*XNM) XN(rNM) - XNM

IF(ABS(YN(JNM)-YNMJ .LT. ,O.00001*YNN) YN(JNM) m YNM
IF(ABSIZN(KNM)-ZNM) *LTs 0*00001*ZNM) ZN(KNM) a ZNM

C PRINT THE GRID.
WRITE(6,246) IXM(I),11,pINM)
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WRITE(6,247) (YNfJ)vJwlvJNM)
A, WRITE(6#248) (ZN(KtgKoloKNM)

A, GOTO 50

246 FORMAT(' MESH FOR NEW BOUNDARY PLANES, SHOULD BE CHECKED,@/*
+ NEW CELL CENTERS MUST BE BETWEEN EXTREMES. RESULTS BEST IFI/*
+ CELL CENTERS ARE AT MESH POINTS (REMOVES INTERPOLATION)III

+ 10X,*X GRIDI/p(P6E15.7))
247 FORMATIlOX,'Y GRID'/pflP8E15o'))
248 FORMAT(1OXP'Z GRID'/,(1P6E1S.7))
50 READ(5,NDAT2)

WRITE(6sNDAT2)
C NTYPE a 1 FOR 20 CYINORICALP a 2 FOR 2D CARTESIAN, 3 FOR 3D.

NTYPE a WDIMEN + 1 - NGEOM
C SET THE CONVERSION TYPE, ICONV.
C ICONY a 3 FOR 2D CYLINDRICAL TO 3D CARTESIAN.

ICONV a 3*(ITYPE-1) + NTYPE
C SET THE VALUES FOR BOUNDARIES.

XYZB(1) a xN1
XYZB(2) a XNM
XYZ8(3) a ZN1
XYZB(4) a ZNM
XYZB(5) a YN1
XYZB(b) a YNM

*C 3D OUTPUT. COMPUTE SIZE OF HYDRO DATAIPLANE.
NXPL a JNM*NNH
NYPL a INM*NNH
NZPL a INM*NNI

C CHECK THAT ARRAYS FOR OUTPUT ARE LARGE ENOUGH,
IF(NIJKMAX.GE.XNM *AND* NIJKMAX&GE*JNM oAND. NIJKMAX*6EoKNM

+ .AND. 4LBIG.GE.MAXO(NXPLNYPLNZPL))GOTO 100
MAXPL o MAXO(NXPL#NYPLPNZPL)
WRITE (6,B5PIJKMAXNLBIGINMJNMKNMMAXPL
STOP' **ABORT* STRTNU 85. RECIPIENT ARRAY TOO SMALL.'

85 FORMAT#I II* ABORT. STRTNU 85o RECIPIENT ARRAY TOO SMALL.',
+ /I NIJKMAXINMJNNKNMPMAXPL a 0#5110)

100 WRITE(6,105)
RETURN

105 FORMAT(' OUTPUT PARAMETERS OKI READY TO COMPUTE BOUNDARY VALUES.')
C WILL READ DATA AND FORK THE RECIPIENT GRID.

200 INM a ABS(INM)
JNN a ABS(JNM)
KNM a ABS(KNM)

C FORM XN(I)oI.1,INM
READ(5p20l) XN(l)

201 FORMAT(E1s.8vI5)

*212 READ(5,2Ol3 DXNvNNX
* XIF(NNX .LT. o)GflTO 220

NX a Nl+NNX
* NI a N1+l

DO 215 LoNloNX
XN(L) a XN(L-1) +DXN

215 CONTINUE
NI a NX
GOTO 212

C FORM YN(J~jJulJNM
220 READ(5#201) YN(1)

222 READ(5#201) DYNvNNY
IF(N4Y .LTe O)GOTO 230
NY a Ni + NNY
Ni w Nl+l
DO 225 L*N1,NY
YN(L) *YN(L-1) + DYN
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225 CONTINUE
Ni a NY
GOTO 222

C FORM ZN(K),Kal#KNM
230 READ(59201) Z4(1)

Ni a 1
232 READ(5mZOI) DZNNNZ

XF(NNZ .LT9 O)GOTO 240
NZ - N1+4NZ
Ni a N1.1
DO 235 LmNlpNZ
ZN(L) a ZN(L-1) + DZN

235 CONTINUE
Ni a NZ
GOTO 232

C RECIPIENT GRID FORMED. CHECK NX, NYP AND Ni.
240 IF(NX.EQ.INM oANO. NYEQ*JNM *AND. NZ.EQ.KNM)GOTO 245

WRITE (6, 241)NXP INN, NY, JNMNZKNM
STOP' ABORT. STRTNU 240. GRID INPUT COUNTS DISAGREEI

241 FORMAT(' ABO3RTo STRTNU 240. NX.NE.INM OR NY.NE.JNM OR NZ.NE.KNMl
/INX, INN, NYJNMsNZKNM'',3(215,5X)I

END
SUBRrIUTINE NXTIM(IEND)

C FIND NEXT INPUT TIME DUMP.
C IF ITIME a 0p FIND CYCLE WITH DIDII3) a CSTART.
C SET IENOCYCLEITIMEINo
C IEliD a Op DATA AVAILABLE.
C IEND a 1s NORMAL END OF DATA. DIDI(I) a 666.0
C IEND a -1., COULD NOT FIND NEXT TIME DUMP.
C
C BYPASS THE Z-BLOCK
C READ VERTEX RECORDS, FIND VOLUME CONTRIBUTIONS AND CELL
C CENTERS.
C
*CALL CD1N1
*CALL COCOM
C

DIMENSION DIDI(4)
C

IEND a 0
1 NTRY a 0

10 READ(IN9)fDIDI(I),Iwlv4)
IF(E']F(1N9) oNE. 0)GOTO 20

C CHECK FOR NORMAL FILE TERMI4ATION WITH DIDIII)m666.0,
IF(ABS(DIDI(i) - 666.0) .LT. 0.001

+ .A4D. ABS(DIDI(21 - 668.0) eLTo 09001) GOTO 30
C CHECK FOR START OF TIME DUMP.

IF(ABSIDIDI(1) - 555.0) .GT. 0.001
+ oOR. ABS(DIDI(2) - PPOBIN) *GT* 09OOOO11GOTO 10

C WE HAVE READ A HEADER RECORD FOR A NULL TIME DUMP.
IF(ITIME *GTe 01GOTO 40

C INITIATION* FIND STARTING CYCLE.
IF(ABS(DIDI(3) - CSTART) *LT* 0.i)GOTO 40

C NOJT STARTING CYCLE.
IF(DIDI(3) -CSTART .LT. 0.0)GOTO 1

C REQUESTED STARTING CYCLE NOT PRESENT.
WRITE f6pl5)DIDI(3)sCSTART
IEND *-
STOP$ * ABORT IN NXTIM. CANNOT FIND CSTART.'

15 FORMAT(//$ ** HAVE READ CYCLE'I5#1 WITHOUT FINDING CSTART e6,15l
20 NTRY a NTRY + 1

IFINTRY eLE. I0)GOTO 10
C CANNOT READ ANY MORE INPUT.

IEND *-1
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RETURN
C NORMAL END OF HULL RESTART FILE.

30 IEND a I
RETURN

C HEADER RECORD READ. START PROCESSING.
40 CYCLEI a DIDI(31

TIMEIN a DID(4)
' C BYPASS THE Z-BLOCK

RiEADCIN9)DUFY
C READ VERTEX RECORDS.

IF(IGEOM .EQ. 2)GOTO 100
C 3D VERTEX INPUT PURPOSELY OMITTED UNTIL LATER.

WRITE(6,45 )IGEOM
STOP' ** ABORT. STRTIM 45. WRONG IGEOM.1

45 FORMAT(II/ ** ABORT. STRTIM 45. NO CODING FOR IGEOM a',12)
C READ 20 VERTICES. CHECK SUITABILITY.

100 READ(IN9)(XI(I), I2,IIMAX1),(YI(J),J-1, IJMAXI)
XI(1) a 0.0

C CHECK THAT INPUT SPACE INCLUDES OUTPUT SPACE.
IF(ICONV .EQ. 3)GOTO 110
IF(ICONV .EQ. 6)GOTO 120

C INPUT AND OUTPUT BOTH 2D.
IFIXN1 .GEo XI(l) *AND. XNM *LE. XI(IIMAXI

+ oAND* YN1 sGEo YI(1) oAND. YNM oLE. YI(IJMAX))GOTO 140
GOTO 130

C ICONV a 3. 2D CYLINDRICAL INPUT, 3D CARTESIAN OUTPUT.
110 DSQMAX a AMAXI(XN1'XN1 + YNI*YNIXNI*XN1 + YNM*YNN,

* XNM*XNM + YN1*YN1.XNM*XNM *YNM*YNM)
IF(D!QMAX .LE. XI(IIMAX)**2

" *AND. ZN1 .GE. YI(1) .AND. ZNM oLE. YI(IJMAX))GOTO 140
GOTO 130

C ICONV a 6. 2D CARTESIAN INPUT AND 3D CARTESIAN OUTPUT.
120 IF(XN1 .GE* XI(1) *AND* XNM vLE. XIIIIMAX)

" .AND. ZNI .GE. YI(1) .AND. ZNM .LE. YI(IJMAX))GOTO 140
GOTn 130

C IPUT GRID DOES NOT INCLUDE OUTPUT BOUNDARIES, ABORT.
130 WRITE(b,135)

STOP' ** ABORT. NXTIM 135. GRID INADEQUATE.'
135 FORMAT (I ** ABORT. NXTIM 135. OUTPUT OUTSIDE DONOR BOUNDARY.')

C GRID OK. SET DELYI(J) a Y(J+I)-Y(J).
C SET DELXI(I) w VOLUME CELLII*J)IDELYI(J).
C SET X(I) AND Y(J) TO CELL CENTERS.

140 DO 150 Inl, IIMAX
DELXI(I) a XI(I+l) - XIII)
XI(I) - 0,5*(XI(I+1) + XIII))
IF(IGEOM ,EQ. IGOTO 150

C INPUT GROMETRY IS 2D CYLINDRICAL.
DELXIIi) a 6.2831853*XI(I)*DELXI(I)

150 CONTINUE
DO 160 J1lsIJMAX
DELYI(J) a YI(J+1) - YI(J)
YI(J) - 0.5*(YI(J) + YI(J+I))

160 CONTINUE
RETURN
END
SUBROUTINE NXTBLK(JPPIHB)

C THIS MOVES THE DESIRED BLOCK OF INPUT HYDRO DATA INTO HYDROIs
C THIS SUBPROGRAM ASSUMES DONOR HULL IS 2D
C IHB IS THE NUMBER OF THE PRESENT BLOCK.
C JP IS THE DESIRED ROW.
C
*CALL COIN1
*CALL CDCOM
C
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C IROWDB IS INPUT ROWS PER BLOCK.
C HYDRII IS THE ARRAY FOR THE INPUT HYDRO DATA.
C INHPB IS THE HYDRO VARIABLES IN A BLOCK.
C JLAST IS THE LAST ROW IN THE PRESENT BLOCK.
C

JLAST a IROWPB*IHB
C IS JP IN A HIGHER BLOCK?

IF(JP 9GT. JLAST)GOTO 30
C IS JP IN THE PRESENT BLOCK?

IF(JP .GT. JLAST-IROWPB)RETURN
C MOVE TO BEGINNING OF PRESENT BLOCK.

BACKSPACE (IN9)
C MOVE TO BEGINNING OF BLOCK IHB-l.

10 BACKSPACE(IN9)
IHB w I'!B-1
JLAST a JLAST - IROWPB

C IS ROW JP IN A LOWER BLOCK?
IF(JP .LE. JLAST-IROWPB)GOTO 10

C JP IS IN THIS BLOCK. READ HYDRO DATA.
20 READ(IN9)(HYDROI(L)PLelvINHPB)

RETURN
C CHECK FOR RnW JP IN THE NEXT HIGHER BLOCK.

30 INB=IHB+l
JLAST a JLAST + IROWPB

C IS JP IN THIS BLOCK?
IF(JP oLEo JLAST)GnTO 20

C JP GT JLASTP SO BYPASS HYDRO BLOCK.
READ( IN9)DUMMY
GOTO 30
END
SUBROUTINE WR ITPL (IBNDNF, XXS#YPNY, YSP Zp NZp ZSv BOUND# NL I

C THIS ROUTINE STOPES THE OUTPUT DATA FOR A PLANE IN A FILE.
C STORE 1 ROW AT EACH ENTRANCE.
C TEMPORARY FORMAT. FINAL STORAGE IN REWRIT. (8108184)
C THE NOTATION IS LIKE AN X-PLANE, BUT ROUTINE IS FOR ALL 3.
C X-PLANE ORDER (XvYZ)
C Y-PLANE ORDER (YXZ)
C Z-PLANE ORDER (ZXY)
C IBND IS FILE COUNT USED HERE TO TELL INITIAL ENTRY.
C NF IS THE FILE NUMBER
C X IS LOCATION OF THE PLANE.
C XS IS THE SHIFT IN THE PLANE LOCATION.
C Y IS THE ARRAY OF COLUMN POSITIONS IN THE PLANE.
C NY IS THE NUMBER OF COLUMNS.
C YS IS THE SHIFT IN COLUMN POSITIONS.
C Z IS THE ARRAY OF ROW POSITIONS.
C NZ IS THE NUMBER OF ROWS.
C ZS IS THE SHIFT IN ROW POSITIONS.
C BOUND IS THE LOCATION OF THE HYDRO DATA FOR THE PLANE.
C NL IS THE AMOUNT OF HYDRO DATA FOR THE PLANE.
C
*CALL CDCOM

DIMENSION Y(I)jZ(1)PBOUND(1)
DIMENSION TBND(6)
DATA TBNDI6*-999999.999/

C
C SHIFT DATA FOR OUTPUT

TIMEIN * TIMEIN - TSH
X a X XS
IF(YS .EQ. O.O)GOTO 30
DO 20 JnlvNY
Y(J) w Y(J) - YS

20 CONTINUE
30 IF(ZS .EQ. 0,0GOTn 45
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DO 4D KslpNZ
Z(K) a 1(K) - ZS

40 CONTINUE
45 IF(TIMEI1 *Eo TBND(IBND))GOTO 50

TBND(IBNDI a TIMEIN
WRITEINF) 555.0,PROBINTIMEINXNN4,NYNZ
WRZTE(NF) (Y(JJwJ'1NY), (Z(K),*Kw1.NZ)

50 WRITE(NFI (BOUND(L),Lw1,N1)
C SHIFT DATA BACK.

TIMEIN *TIMEIN + TSH

* IF(YS *EQ* 0.0)GOTO 70
DO b0 JwlvNY
Y(J) a YCJR YS

60 CONTINUE
70 IF(ZS oEQ. 0,0)GTO 90

DO 80 K*1,NZ
Z(K) s Z(K) + ZS

00 CONTINUE
90 RETURN

END
SUBPR3UT14E FI4NDI(IZP#YIPIM)

C FIND I SUCH THAT 1 0 1 IF ZP LT YI(21
C I a IN-1 IF ZP SE YI(IM-11
C OR YI!l) < ZP -c- YI(ZIlo)

C I IS THE CURRENT POINTER*
C ZP IS A VARIABLE (FOR 3D OUTPUT# THE LOCAT13N OF A PLANEl.
C YX IS A TABLE (AN ARRAY OF CELL CENTERS FROM OLD NULL RUN[.
C IM IS THE NUMBER OF ENTRIES IN THE TAILE.
C

DIMENSION YI(l)
C
C FIRST, CHECK THAT 0 4 1 < IN.

IF(I .LT. 1 *OR. I %GE. IM-M)I*
C is ZP 1Y1)

IFQZP oCT. YUIJ)GOTO 20
C ZO Its YI(I)o CHECK FOR I a 1, THEN REDUCE I,

10 IFII .EO. 1)G'3TO 30

C IS Zp c- YI(I)?
IF(ZO .LE, YI(IflGOTO 10
GOTO 30

C ZP 3' YI(I). CHECK FOR I aIN-i.
20 IF(I *EQ* IM-1)GOTO 30

C CHECK FOR ZP <a YII I*1)o
IF(ZP .LE. YI(:'+l))GOTO 30

GOTO 20
C DESIRED I FOUND. RETURN

30 RETURNt
END
SUBROUTINE REVRrT(IBNDPNF)

C SUBROUTINE TO COMBINE TIMES AND PRODUCE FINAL IOUND9 FILES.
*CALL CONUI
C
C WRITTEN AS IF FOR AN X PLANE* BUT FOR ANY 30 DOUND9 PLANE.

DIMENSION INITPR(61&tASTPR(61*,INITRO(6),LASTRO(6)
NANELIST/TABDAT/INITPR,*LASTPR, INITROLASTRO
DATA ISVINITPRLASTPR,INITR0,LASTRO/O,6*1,8*O,6*1,b*20I
IF(ISW *GT.O)GOT3 10

C INITIAL ENTRY. READ TABULATION CONTROLS.
ISW * 1
READ( 5pTABOAT)
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WRITE (6,TABO AT)
C READ FILE NFo PUT IN FILE 1 AND, SKIPPING FIRST DUMP, IN 2.

10 REWIND N;:
REWIND 1
REWIND 2
SW a 0.0
WRITE (6j,110)MF

110 FORMAT('1 BEGIN CDMBI41NG TIMES FOR FIE#5
20 READ( NF)IHE ADlp PRO BINTIIs, XNNHNYoNZ

IF(E3F(NF) .ME. 0)GOTO 90
IF(ABS(t4EADl-666.0) .LTs 0.001)GOTO 40
IF(ABS(HEAO1-555.0) .GT. 0*0O1)GOTO 91
WRITE(1) HEADl1,PRDBINTIIX,*NNHNYPNZ
IF(SW .GT. 0.0)WRITE(2) HEAD1,9PROBINTI1
READ( NFl CYN(J P1, ,NY ), ZN (K), KwNZ)
NL - NNH*NY
DO 30 Km1,NZ
READ(NF) (BND(L)vL=1,NL)
WRITEL1)(BND(L), Le1,NL)
IF(SW .GTo 0.0) WRITE(2) (BND(L)#L.1,NL)

30 CONTINUE
SW - 1.0
GOTO 20

C FILE NF HAS BEEN READ AND STORED IN FILES 1 AND 2.
C NOW WE COLLATE DUMPS WITH PROPER HEADINGS.

40 WRITE(1)666.0j,666.0j,666.0.666.O,666,666,9666
WRITE (2)66.0,666*0,666*0
REWIND 1
REWIIND 2
REWIND NF
NOUT - 1

50 READ~l) HEADIsPRDBIN#Tl1,XNNHPNYNZ
IF(ABS(HEADI-666*0) *LTs 0e001)GOTO 92
IF(ABS(HEAD1 - 555.0) .GT. 0*001)GOTO 92
READ(2) 4EAD2pDUMT12
IF(ABS(HEAD2-666.O) .LT. 0.001)GOTO 70
!F(HEAD1 .ME. I4EAD2 .OR* DUM .ME. PROBIN)GOTO 93
WRITE (Nf)HEAD1, PROBIN,-TI1,TI2p XPNNHPNYPNZ
IF(INXTPR(IBND) .LE. NOUT *AND. LASTPR(IBND) oGE, NOUT)

+ WPITE(6,oOI IEAD1,PROBINTl1,TI2.XNNHNYNZ
WRITE(NFI (YN(JlJ'.1NY),CZN(K),-K1,NZI
IF(INITPR(IBND) oLEe NOUT *AND* LASTPR(IBND) oGEe NOUT)

+ WRITE(6,9011 (YNCJl#J=1,NY), (ZN(K),Ks1,NZ)
DO 60 Km1,NZ
READ(1) (BNO(L),Lw1,NL)
READ(2) (BND2(L'iL=1,NL)
WRlTE(N F) CBND CL), Lu 1,NI I, BNDZ CL I L *1NL)
IF(INITPR(IBND) @LE. NOUT *AND* LASTPRCIBND) .GEe NOUT *AND*

+ INITROCIBND) oLE9 K .AND9 LASTROCIBND) *GE. K)
+WRITEC6,#902) K,(BND(L),L-1,NL),CBNDZ(L),*L*1,NL)

60 CONTINUE
NOUT a NOUT + 1
GOTO 50

C FILE NF NOW STORED IN FINAL FORM EXCEPT FOR TERMINAL RECORD.
70 WRITECNF) 666.0,666.0,666.0,666.0,66b.0,666,66,666

RETURN
C ABORT PRINTS

90 WRITE(6o190)Nr
STOP' ABORT. REWRIT 90. NO DATA ON FILE.'

190 FORMATC//' ABORT. REWRIT 90. NO DATA ON FILE',15)
91 WRITEC6,191)NFPHEAD1,pPROBIN,#TI1,XNNHPNYPNZ

STOP' ABORT. REWRIT 91. MIX UP IN FILE NF.'
191 FORMAT(//' ABORT. REWRIT 91. MIXUP IN FILE NF.',15/

HEADloPROBINPT!1,XPNNHNYPNZ atIIP4ElS.7,3I10)



92 IT a 2
GOTO 94

93 IT a 2
94 WRITE (6v194) ITNEAD1, PROBIN*TI1D XNNH*NY, N ZoHEAD2v DUMP T12

STOP' ABORT. REWRIT 94. MIXUP IN FILE 1 OR 2.0
194 FORMATPIABORT.REWRIT 94. MIXUP IN FILES 1 OR 2. ITw'P15/,

* IEADloPROBIN,-TIIXNNHPNYNZ ali,1P4El5*7P3ll0/1,
* HEAD2jOUPT12 e',1P3E15.7)

900 FORMATIZOX,'HEADER'/,1lP5E15@.311D)
901 FORMATt1OXg'vERTICES'I,(lP6El5.?1I
902 FORMAT(l0X,'VART OF HYDRO DATA STARTING AT ROW lvI5/P(l95El5*73)

END
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APPENDIX B

LISTINGS FOR KEEL AND HULL

Appendix B has listings of the runstreams for KEEL and HULL for problem
8416.20. The listing of the HULL runstream is followed by listings of the

correction file for HULL, file HULCORR, and the changes for BOUND9 input, file
NEWBND9. These two files are in MFA.

Note that file HULL8405PO9, the same file that was used in HULLUP, is

attached for initial data in the KEEL run. (This is actually only an

illustrative gesture for this problem. The entire 3-D region was ambient

initially.) Note also in the HULL runstream, that files for the four BOUND9

input sides are attached to appropriate local files and the MFA files NEWBND9

and HULCORR are included for UPDATE. These attaches and the declaring of

BOUND9 boundaries and the GENERATE AIR FIREIN HULL sequence in KEEL are the

only additional input at this stage. A lot of planning is needed to set up

the HULLUP run to produce the desired input in the files for the BOUND9
boundary input.

KEEL Changes for BOUND9 Boundaries

There were no changes needed to input for KEEL for the new type 9

boundaries. A few minor changes were made in subroutine HULLIN to add some
problem aborts with explanatory printing and to use the ambient atmosphere for

normalizing. If a region from a 2-D cylindrical run is to be mapped into a

3-D (or new 2-D) region, the restart file from the donor run must be attached
as TAPE 4h and the GENERATE AIR FIREIN HULL input sequence must be used for a
region that includes all cells in the new space that overlap the non-ambient

part of the 2-D donor space at the initiation time. The initiation time is
the first time on the donor restart file greater than the input time T. T is
replaced by this time. The user may set the boundary conditions in KEEL, but

they have no affect until the HULL run.

If one must, the reference location for the new run can be shifted through
input of XOB, YOB, and HOB in KEEL. Time cannot be shifted in KEEL without
some recoding.

HULL Changes for BOUND9 Boundaries

The coding changes to use the BOUND9 boundaries for 3-D HULL runs is in

the MFA file NEWBND9, ID=JDW. This coding may be made a permanent part of the
HULL file when the check-out for these boundaries is completed. If one wishes

to use this coding with a 3-D HULL run, file NEWBND9 must be picked up in the
SCOPE2 runstream and READ as part of the UPDATE input. The user must also

have available, and attach, an input file for each BOUND9 boundary. Any of
the 6 boundary planes may be declared a type 9 boundary. The NEWBND9 coding
assumes:

TAPE31 - Left boundary at XO

TAPE32 - Right boundary at X IMAX - 1/2 DXIMAX

TAPE33 - Bottom boundary at ZO
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IAPE4 - Top boundary at Z Ax - 1/2 DZKMAX

'IAPE35 - Aft boundary at YO

TAPft.b - Fore boundary at X MAX - 1/2 DYJMAX

Notice that the planes of imposed data for the low index boundaries are on
the boundaries and the planes of imposed data for the high index planes are
through the centers of the external plane of' cells.

The data on these files is a series of "dumps" of unformatted data for
successive time intervals. Each dump is a header record, a grid record, and
the hydro data at both ends of the time interval one row per record.

The header record for an X-plane is 8 numbers, 5 reals and integers:

HEADI, ULPROB, TII, T12, XIN, NNH, JN, KN

where,

HSADI = 555.0

OLPROB z The donor problem number
Ill = The first time
T 12 = The last time
XIN a X value for the plane
NNH = 5, the number of hydro values per point
Jh = The number of columns of data
KN = The number of rows of data.

The grid record for an X-plane is:

(YIN(J), Jl,JN), (ZIN(K), K-I,KN).

" his defines a JN x KN grid of points on the X-plane at which hydro data
will be defined.

This is followed by KN records of hydro data for Kxl,2,...,KN:

(((HB(L,J,N),N:1,NNH),J:1,JN),L=I,2).

The 5 hyaro values are in order

U - The x velocity component (cm/sec)
V - The Y velocity component (cm/sec)
W - The L velocity component (am/sec)
E - internal specific energy (ergs/g)

P - Density (g/cm
)

The 5 hydro values are given for J=1,2,...,JN for time Til (L=I) and then
for time Tl.

For a Y-plane, the boundary plane location is YIN and there are IN columns
of data at XIN(i), 1=1, IN on KN rows at ZIN(K), K=l, KN.

BR
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For a Z-plane, the boundary plane is at ZIN and there are IN columns of
data at XN(I), 1=1, IN on ON rows at YIN(J), J=1, JN.

The program interpolates in this input data in time and space on the
boundary plane. Any attempt to extrapolate in either time or space causes a
program abort. The program also aborts if the plane's location does not agree
with the requested position.

There is no further new input other than declaring the type 9 boundaries.
There are a few coded in values that might be changed: Arrays are set for a
maximum of 200 words for IN, JN, and KN, and 4000 words for the hydro data.
This uses 400 words of SCM and 4000 words of LCM for each BOUND9 boundary. It
might be necessary to increase, or decrease, these arrays. Also, the
programming allows shifting in time and position by TSHIFT, XSHIFT, YSHIFT,
and ZSHIFT, all of which are set to zero. If needed, these could be changed.

There is a separate subroutine to obtain the data for each of the 6
boundaries. Each is compiled, and called in HULL, if the corresponding
boundary is declared type 9 and the dimension is 3 (e.g., LBOUND=9 and
DIMENSION=3).
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**RUNSTREAM FOR KEEL *

WORTMAN(STMFZPT1000,PPZ KEEL RUN# PROS 8416.20 8/15/64
ACCOUNT(******) WORTMAN 8309 X6028
COPY SB F(INPUT, UDUT
REWIND( INPUT)
COM'IENT. SPHERICAL RESERVOIR (50 PSI SHOCK IN STINFI. PROB 8416.20.
COMMENT. START 3D RUN FROM FROM CYCLE 0 OF PROS 8405.09.
COMMENT. THIS IS PRfnBLEM 8406.20 BEING RERUN WITH NEW HULLUP AND BNDq%
ATTACH(TAPE44,NULL84O5PO9, ID=JDW)
D ISPOS EvOUTPUT S To MFAI E itUN-RJE1401, *PR.
ATTACH(PL,'ULL, ID.JDW)
ATTACH(HULLIBPI4ULLIB, ID=JDW)
LIBRARY(HULLIB)
RE QUEST ( TA PE 4p *PF)
RE QUES T(TAPE9s *PF I
UPDATE (PuPLQ#L-1)
PL A,4K.e
POST (COMPILE)
MAP(OFF)
FTN,#IwSAIL, B=KEEL,PPLs50000,fPT*2j,SL-0,R.0,EL-F)
RE TURN (PL, SAIL)
KEEL.
CATALOG(TAPE4pHULL8416P20, ID.JOWl
CATALOG(TAPE9# STA8416P20t IDaJDW)
*E OR
*LIMIT 10000
*COMPILE HUJLL
*IDENT KC IING

*NOBBRE V
*DELETE KEEL.4249,KEEL.4251
C THE OLD HULL INPUT FILE AS UNIT 44.
C THE DATA ARE READ INTO ECS AND THE UNIT
*INSERT KEEL*4255

COMMrJN/RDWR/EOFF, ERR
*INSERT KEEL.4272

IF(EOFF .NE. O)STOP' MULLIN* NO DATA ON NFZLOT (m44).'
*INSERT KEELe4281

IF(EflFF .ME. 0)STOPI MULLIN* NO MORE DATA ON NFILOT (m44).'
*INSERT KEELs4305

IFtEOFF *NE. 0)STOP' MULLIN* NO MORE DATA ON NFILOT (=44)ol
*INSERT KEEL.4327

IF(EOFF 9NEo 0)STOPI HIJLLIN9 NO MORE DATA ON NFILOT (s44).#
*DELETE KEEL.4341
C NORMALIZE USING VALUES FROM ATMOSP.
*COMPILE KEEL

9 *EOR
KEEL
PROB 8416.20
LBDUN 0.9
RBOUND*9
SBOUNO .0
TBOUND-9
ABOUNDmO
FBOUND-9
ATMOS*5
DIMEN-3
EGS02
GEOMw2
HEADER
80 CM GRID. START FRflm 8405.09. 8416.20.
RE LGAM a1. 4
RELRfOuO. 00120412
RELSIEm2.10374E9
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RELPOo2.C4325E6
IMAX*9
JPIAXw7
KM AX*
Tm0. 02
PTSTOPu 0.05
NSTN*33
MESH4

NXm9 DXw80*0
NYu7 OYw8O.C
NZwS DZ-S0.0
GENERATE AIR
FIREIN HULL
SPHERE RADIUS-1140.0 XCENTER-Oo0 YCENTER-O.0 ZCENTER-1200.O
STATIONS
X3990 YSN30 ZS83O
XSwl23O YSw30 ZSw30
XS-1500 YSw30 ZSw30
XS-990 YS&3O ZSw500
XS&125O YSS3O ZS8500
XS-1500 Y~w30 ZSv500
XSw990 YSw3O ZS&59O
XSsl250 YSw30 ZS-590
XSwl50O YSw3O ZSw59O
XS*99O YS-200 ZSs30
XS-1250 YSuZSO ZSw30
XS-1500 YSw280 Z5w30
XS-990 YSE280 ZS8500
XS-1250 YS0200 ZS8500
XS-1500 YS8280 1s550
XS-990 YS0280 ZSS590
XSB1250 YS02O0 ZSB590
XS-1500 YSw280 ZSs590
XS0990 YSE320 ZS630
XSs1250 YS.520 15.30
x~sl5O YS=520 ZSw30
XS-990 YS-520 ZSE500
XSsl25O YSw520 ZS@500
XS-15CO YSw520 1550
XS=990 Y15m520 ZS@590
XSw1250 YSv520 15.590
XS-1500 YSw520 ZS*590
XS-1184 YSu500 ZSw30
XSw11S4 Y1550 lSm500
XS-1184 YSv500 ZS0590 '

XSmI560 Y15.30 ZS8500
XS-1560 YS*2SO ZSw500
XS-1560 YSm520 1550
ENDr
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**RUNSTREAM FOR MULL *

WORTMAN(STMFZPTSOPP) HULL# PROS 8416.20 8/15/84
ACCOUNTI******) 8309 X6028
C OP YSSBF(IMP UT,O0UTP UT)
REWIND( INPUT)
COMMENT* RERUN OF 8406.20 TO TEST NEW IOUND9 COOING.
COMMENT. SPHERICAL RESERVOIR (50 PSI STINFJ. PROS 8416.20.
COMMENT. 3D RUN STARTED FROM PROS 8405e09 Ti4RU FIREIN/HULLIN.
COMMENT* 4 BOUNDARIES SET TO TYPE 9. INPUT FROM HULLUP.
ATTACH(TAPE31vPS41620L8vID-JDW)
ATTACH(TAPE32sPS41620RBPIDoJDW)
ATTACH(TAPE34sP841620TBI~mJDWl
ATTACH(TAPE36, PS41620OSID-JDW)
COMMENT* UPDATE CHANGES (CORRECTIONS) FOR HULL FROM FILE HULCORR.
BEGIN( GETMFA, FILE, LFuNULCORR, PF.HULCORR, UNaJDW)
COMMENT* UPDATE CHANGES FROM FILE NEw8ND9 IN MFA TO BND9 IN MFZ.
BEGIN (GETMFAFILE, LF.BNDQ, PFeNEWBNDaUNnJOW)
DISPOSEPOUTPUTSTmMFAIE IUN.RJE14O1,*PR.
ATTACH(T4,4ULLB4l6P2O, IDwJDW)
ATTACH(Tp STA8416'20t IDuJDW)
REQU ES T (TAP E4, PF 3
COPYP( T4,TAPE4, 1000)
RE TURN(CT4)
REWIND(TAPE4)
REQUEST(TAPE9#*PF)
COPYP(T9,TAPE9#10001
RETURN(T9)
REWIND(TAPE9)
ATTACH(HULLI8,'4ULLIB, IDwJOW)
LIBRARYIHULLIB)
ATTACH(PL, HULL, IDuJDW)
UPDATE (PoPLPGOLs1)
SWITCH(690N)
PLA4K.
SWITCH(6pOFF)
POST(COMPILE)
MAP( PART)
FTN( AI.SA!LBaHULLvO'T.2,SLaORmOELuFLCM.I)
RETURN(PL, SAILCOMPILE)
HULL.
EXIT(U)
CATALOG(TAPE4#HULLB416P2O, IDsJDW)
CATALOG(TAPE9p STA8416PZOP IDwJDW)
*E OR
*LIMIT 10000
*READ HULCORR
*READ INDQ
*COMPILE HULL
*E OR
HULL
PROS 8416.20
CYCLE-0
INPUT
ST ABF .0.05
MRELERaloOE-6
CSTOP-0OO
END
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H* ULL CORRECTIONS. FILE HULCORR *

$IDENT BNDCORR
*1 CORRECT AN ERROR' CHANGE IBOUND TO ABOUND

*DELETE HULL911059
*KEEPTO *1 ABOUND4 AND LAMB
*I AMEND SHKWV CALLS:

*/ MAKE BlUNDARIES MORE GENERAL. NO Y=0.0 OR XsO.O FOR 30.
$I FIRST PHASE# TIME wT FOR EXTERNAL CELL, *T + O.5*DT ON BOUNDARY.
s/ SECOND PHASE# TIME a T + DT.
*DELETE HULL.11062

CALL SHKWV(T.O.5*DTDISXYOALTUABVABWABEABRHOAB)
*DELETE HULLsI1389

CALL SHKWV(T.O.5*DTPDISXDISYALTUBBVBBWBBEBBPRHOBB)
*DELETE HULLol1634

CALL SHKWV(T+O. 5*DT. XO,@DISYALTULB,VLBVLBELBRHOLB)
*DELETE HULL912444

CALL SHKWV(T4DTDISXYOALTUABPVABWABEABRHOAB)
*DELETE HULL*12600

CALL SHKWV(T4OT, OISXDISYPALT,*UBBPVBBWBBPEBBRHOBB)
*DELETE HULL.12815

CALL SHKWV(T+DTXODISYALTULBVLBWLBELBRHOLB)
*DELETE IIULL,13200

CALL SHKWV2(T+DTPDISXDISYUBBVBB,*EBBR4IOBB)
*DELETE HULL.13329

CALL SHKWV2(T*DT.DISXPDISYDULBVLBPELBDRHOLB)
*IDENT DTFR2D
s/ BETTER 20 TIME STEP. FIXED GAMMA ONLY.
*INSERT HULLe4074
C COMPUTE CS FOR CELL(I#J3
C THIS IS FOR FIXED GAMMA. OTHERWISE, USE EQ* OF STATE.

EFORCS a H(N1,4)-0.5*(H(N142)**2 + H(N1.3)**2)
CS a SQRT(GAMMA*(GAMMA-1.o)*EFORCS)

C END CS INSERT.
*IDENT HULLCOR
*N OABB REV

*1 ERRORS IN SHORE CELL OPTION (CORRECTION THANKS TO PAUL LEWIS)
*1 POSSIBILITY OF ALL FLUID CELLS OMITTED.

*INSERT HULL*4116
C CHECK FOR RIGHT CELL ALL FLUID

IF(LSR EQO. 0) GOTO 105
*DELETE NULL.4127

105 Ri4OP. a H(NR1.S3IVGLR
*INSERT HULL*4145
C CHECK FOR CELL ABOVE ALL FLUID

IF(LSA *EQ* 0) GOTO 115
*DELETE IULL.4157

115 RI4OA a H(NA1*5)/VOLA
*DELETE HULL,11256

IF(LSI oLEo O)GOTO 6
VOL w VOL*0.5

*INSERT HULL.11260
6 CONTINUE

*INSERT HULLe11517
N. IFILSI .LE. 0)GOTO 5

*INSERT HULLeI1521
5 CONTINUE
*1 END OF THE PAUL LEWIS CORRECTION.

N 'I TBR1 HAS DUPLICATE ADDRESS IF NM*GT.1
*DELETE HULLo12336,HULL*12337

DO 17 IMw1,NM
* 17 H(NA.NHM.1M3 - 1(NTBR+NMIM3'DEN

0/ REMOVE AN ANOMALY BELOW HULLo13661
*DELETE HULL*13661PHULL@13662
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*KEEPTO TB352D RAD1 AND LBOUND NED
a, OBVIOUS MISSPELLED NAME AT HULLo17495
*DELETE HLILL.17495
s 5 AWT(SHALE#51/47.90/t FRACN(SHALEP) IO.00558851p
*1 *KEEPTO DOES NOT COUNT le.
*1 NOTEe TINK BBOUND.IAND2 NOT CHECKEDO WORTHLESS IF CHECKED*
*DELETE HULL.2039
*KEEPTO *4 BBOUNDO
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17 " 7 - 7-7 -3 --- "7j -- .. p . .-

** BOUND9 CODI4Go FILE MEW6ND9 *

*IDENT BOUND9
0/ XBOUND&9 IS INPUT FROM A PREVIOUS HULL RUN AT XSOUND.

*1 MAXIMUM INPUT PLANE A 76X?6 MESH OF POINTS. 7/24/84.
*INSERT HULL*704
*KEEPTO ENDBND9 LBOUND9 OR RBOUND9 OR BBOUND9 OR TBOUND9 OR+

ABOUND9 OR FROUND9
*INCLUDE DEEP-SIX REZONE
*LABEL ENDBND9

*/ FILES FOR xBflUNDu9o
*INSERT HULL91146
*KEEPTO *1 LBOU4D9

+ TAPE31,TAPE61,
*KEEPTO *1 RBOUND9

+ TAPE32#TAPE62t
*KEEPTO *1 BBOUND9

+ TAPE33,TAPE63,
*KEEPTO $1 TBOUND9

+ TAPE34,TAPE64,
*KEEPTO *1 AsOUNDQ

+ T APE35, TAP E65,
eKEEPTO *1 FBOUND9

+ T APE 36,TAP E66,
*INSERT HULLoB161
*KEEPTO *1 LBOUMD9 OF RBIUND9 OR BBOUND9 OR TBOUND9 OR+

ABOUND9 OR FBOUND9
COMM ON/S'4IF T/TS'4I FTP XSHIFTYSHIFTZSHIFT

*INSERT HULL.8369
*KEEPTO *4 LB')UND9 OR RBJUND9 OR BBOUND9 OR TBOUND9 OR +

ABOUND9 OR FBOUND9
TSHIFT - 0.0
XSI4IFT a 0.0
YSHIFT a 0.0
ZSHIFT a 0.0

*INSERT HULL*9250
*KEEPTO ENDBND9 DIMEN3
*KEEPTO EDBD9 1801*409 OR RSOUND9 OR BBOUND9 OR TBOUND9 OR+

ABOUND9 OR FBOUND9
C ADD HS ARRAYS TO 1CM. USE NEXT LARGER MULTIPLE OF 8.
C fll 4000 AS OF 8/21/84o III ASSUMES MAX(IN*JNKN) .LE. 200.

CALL FLECS(IB9ECS)
IF(ABOUND *EO. 9) IB9ECS - IB9ECS +. 4000
IFIFBOUND .EQ. 9) 189ECS a IB9ECS + 4000
IF(BBOUND *EQ* 9) IB9ECS - IB9ECS + 4000
XF(TROUND 9EQo 9) IB9ECS w IB9ECS + 4000
IF(LBOUND 9EQ. 9) IB9ECS a IB9ECS + 4000
IF(RBOUND *EQ* 9) IB9ECS a IB9ECS + 4000
CALL SETECS(IB9ECS)

*LABEL ENDBND9
*INSERT HULL,11058
OKEEPTO *1 AB0U409

CALL ABND9D3(T,0.5*DTDISXY0,ALTUASVABWABEABRHOAS)
$SKIPTO *4 ABOUND9
*INSERT HULLol1092
*SKIPTO STBND9 FSDUND9
*INSERT 4ULL*11102-
*LABEL STBND9
*KEEPTI ENDOND9 FBOUND9

DISX a X(I) - 0.5*DX(l)
DISY a Y(JMAX) - 0.5*DY(JMAX)
ALT *Z(K) - 0.5*DZ(K)
CALL FBND9D3( T.DISX, DISYPALTPN(N1+1),H(N1+2 )sH(Nl.3),N(NX+4),
+ RHOFB)
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* H(Nl+5) - RHDFB*DX(I)*DYIJ4AX)*DZ(K)
*LABEL ENDBND9
*INSERT IIULL*113988

**KEEPTO *1 BBflUND9
CALL BBND9D3 ( T+O. 5*DT, DISXv DIS YoALT, UBB, VBB WBBv EBB# R AOBB

*SKIPTO *1 SBOUND9
*INSERT HULL*11630
*KEEPTO *1 LBn~UND9

CALL LBND9D3(T+*.*DT.,XO.,DISY, ALTULBVLBPWLSELBRHOLB)
*SKIPTO *4 LBOUND9
*INSERT fULL911665
*SKIPTO STBND9 RBOUND9
*INSERT tULLoI1677
*LABEL STBND9

**KEEPTO ENDBND9 RBOUND9
DISX a X(IMAX) - 0*5*DX(IMAX)
DISY a YMJ OoS*tDY(J)
ALT w Z(KI - .5*DZ(K)
CALL RBND9D3(TDISXDISY, ALTHtNL.1),H(NL.23,N(NL.3),$HINL.4),o

+ RHORB)
H(NL+5) a RIORB*DX(IMAX)*DY(J)*DZ(K)

*LABEL ENDBND9
*INSERT HULL.123b2
OSKIPTO STBND9 TBOUND9
*INSERT H'ULL*12370
*LABEL STBND9
*KEEPTO ENDBND9 TBOUND9

D!SX a X(I) - O.5*DX(I)
DISY a YMJ - O.5*DY(J)
ALT a Z(KMAX) - Oo5*DZCKMAX)

* CALL TBND9D3CTDISXDDISY. ALTH(NA.1)gH(NA+2),H(NA.3),N(NA+4 ),
+ RH!9TB)
H(NA+5) a RIOTBODX(I)*DY(J3*DZ(KNAX)

*LABEL ENDBND9
*INSERT HULL.12443
*KEEPTO *1 AB3UND9

CALL ASND9D3(T+DTDISXYOALTUABVAB,#WABEABRHOAB)
*SKIPTO *1 ABOUND9
*IN4SERT ~4ULL*12455
*SKIPTO STBND9 FBOUND9
*INSERT HIULL912467
*LABEL STBND9
*KEEPTO ENDBND9 FBOUND9

DISX a X(I) - O.5*DX(X)
DISY a Y(JMAX) - O.5*DY(JMAX)
ALT a Z(K) - O,5*DZ(K)
CALL FBND9D3( T+DTDISXPDISYPALT!I(Nl.1)pt(Nl.2)#1(Nl+3)I4ENl+41,

+ RH13FBI
H(Nl*4) - H(N1*4) + O.5'(H(N1+l)**2 + H(N1*2)**2 + N(Nl*3)**2)
H(N1*5) a RHOFB*OX(I)*DY(JIAX)*DZ(K)

*LABEL ENDBND9
*INSERT HULL*125q9
*KEEPTO *1 BBOUND9

CALL BBND9D3(T+DTDISXDISYALTUBBVBB.WBBEBBRHO8BB
*SKIPTO *1 BBOUND9
*INSERT I4ULL912671
*KEEPTO ENDBND9 FBOU409

IFWI oEO. IMAX)GOTO 5
DTH a DTH - FEJCJL)
OMTH m DMTH - FMJ(JL)

5 CONTINUE
*LABEL ENDBND9
*INSERT HULLs12672
*SKIPTO STBND9 FBOUND9
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**INSERT HULL*12690
*LABEL STBND9
*INSERT HULL912814
*KEEPTO *1 LBOUND9

CALL LBND9D3( T4DTXODISYALT, ULBVLBWLBELBPRHOLB)
*SKIPTO *1 LBOUND9
*INSERT 4ULL.12826
*SKIPTO STBND9 RBOUND9
*INSERT HULL*12838
*LABEL STBND9
*KEEPTO ENDBND9 RBOUND9

DISX a X(IMAX) - O.5*DX(IMAX)
DISY a Y(J) - .5*DY(J)
ALT a Z(K) - .5*DZ(K)
CALL RBND9D3(T+DTDISXDISYALTN(NL+)P(NL2.ifINL3,'4(NL+4),

+ RHORBI
H(NL+4) a H(NL+4) + 0.5*(H(NL+1)**2 + H(NL*2)*02 + H(NL+3)**2)
14(NL+5) a RHORB*DX(IMAX)*DY(J)*DZ(K)

*LABEL ENDBND9
*INSERT HULL.12890
*KEEPTO ENDBND9 RBOUND9

DTH a 0TH - FEL
DMTH a DHTH - FML

*LABEL ENDBND9
*INSERT HULL.12898
*SKIPTD STBND9 RBOUND9
*INSERT HULL.12911
*LABEL STBND9
*INSERT 4ULL*12980
*KEEPTD ENDBND9 TBOUND9

IFII *EQ. IHiAX .OR. J oEQ. J'qAX)GOTO 5
DTH a DTH - FEK(KL)
DMTH a DMTH - FMK(KL)

5 CONTINUE
*LABEL ENDBND9
*INSERT HULL*12961
*SKIPTO STBND9 TBOUND9
*INSERT HULLe.2998
*LABEL STBND9
*INSERT HULL.13022
*SKIPTO STBND9 TBOUND9
*INSERT HULL.13030
*LABEL STBND9
*KEEPTO ENDBND9 TBOUND9

DISX a X(I) - O.5*DX(I)
DISY a Y(J) - O.5*DYIJ)
ALT a Z(KMAXI - O.5*DZ(KMAX)
CALL TBND9D3(T.DTDISXDISYALTH(NA+l1IH(NA+2),H(NA.33,H(NA+4d,t

+ RHOTB)
H(NA+4) - NINA.',) + O.5*(HINA+1)*$2 +H(NA+2)**2 +H(NA+31**21
H(NA+5) - RIOTB*DX(I)*DYIJ)*DZ(KIAX)

*LABEL ENDBND9
*INSERT HULL611O10
*KEEPTO ENDBND9 LBOUND9 AND DIMEN3

SUBROUTINE LBND9D3ITHXHYHZHU,-VWERHO)
C BOUNDARY SUBROUTINE FOR LBOUND*9. INPUT PREPARED BY
C HULLUP IS ASSU4iED ON FILE TAPE31 FOR X e (XIN).
C XH SHOULD BE XOe XH + XSHIFT SHOULD BE XIN.
C
C KN + 2 RECORDS PER TIME DUMP:
C HEADER-555.OOLD PRDBTIlTl2,XINNNHPJNKN
C GRID--(YIN(J ),J*1,JN), IZIN(K),K*1,KN)
C HYDRO DATA NNH/POINT FOR TIMES TIl AND T12
C KN ROWS AT IYIN(J),9ZIN(K)pJw1,JN) FOR K-1#KN.
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COMMON/SHIFT/TSHIFT, XS4IfT,-YSHIFT. ZSHIFT
C VALUES IN SHIFT SET IN HULLIN.
C
C FOLLOWING ARRAYS SET TO ACCOMODATE JN *LE. 200.at
C COMMONIH81/ TO ACCOMODATE LEVEL 2 STATEMENT.

COMM[ON/HB1/HB1( 4000)
DIMENSION H(5)
DIMENSION YIN(200)PZIN(ZO00

C
LEVEL 2, HB1
NAMELIST/HEADIN/HEADlOLPROB,T,TIT2,XINNNHJNKN1f
NAMELIST/GRID/XHXSHIFTXXINYH,YSHIFTYYINZH, ZSHIFTZ,ZIN&

C SET FILE NUMBER. STATE ARRAY DIMENSIONS.
DATA IBNDNBND,@JMXKMXFNMXi31,6l,200,200,4000/

C NMX IS ADDED TO 1CM IN HULLIN (HULL9250).
C SET TF1 TO -1.0 FOR INITIAL VALUES.

DATA TF1/-1.O1
C
C SHIFT DATA FROM HULL COORDINATES TO BOUNDARY COORDINATES*

T a TH + TSHIFT
X a XH +XSHIFT
Y m YH + YSHIFT
Z a ZH + ZSHIFT

C IS THIS AFTER THE INITIAL ENTRY?
IF(TF1 .GT. -0.9)GOTO 30
TF1 - 1.0

C READ FIRST HEADING, GRID, AND r4YDRO SET. CHECK.
REWIND IBND
READ( IBND)HEAD1,OLPROB,TIl1,TI2,XINNNHPJNKN
IF(EOF(IBND) oNE, 0 I3TO 100
TTEST a O.O0001*(T12 - TIl)
XTEST a 0.0000001*XIN
WRITE (6, 5)

5 FORMAT(/I INITIATE LBOUND9 INPUT. FIRST HEADER RECORD:')
WRITE (6,HEADIN)
IF(ABS(HEADI - 5!5,0) *GT* 0*01)GOTO 110
NNHYPR - NNH*JN

IF(JN 96T, JMX oOR9 KN *GT9 KMX eOR. NNHYPP .GTs NMX)GOTO 120
IF(T+TTEST .LT. TIl)GOTO 130
OLPRB1 - OLPROB

C READ GRID FOR INPUT BOUNDARY PLANE.
READ(IBND) (YIN4(J ),JalJN), (ZIN(K),Ku1,KN)
YTEST a(YIN(2) - YIN(l) )*0.00001
ZTEST a (ZIN(2) - ZIN(l) )*0.00001

10 IF(T+TTEST sLE. TI2)GOTO 20
C FIND THE NEXT HEADER RECORD.

14 READ( IBND)HEADIOLPROBTI1,T12,XINNNH,-J4,KN
IF(EOF(IBND) .NE. 0)GOTO 160
IFIOLPROB *NE. OLPR81 *OR. HEAD1 eNE9 555.O)GOTO 14

C T4IS IS A NEW HEADER RECORD. BYPASS THE GRID RECORD.
READ( IBND)0UMMIY
GOTO 10

C READ HYDRO RECORDS, STORE IN FILE NBND.
20 REWIND NBND

DO 22 KwIvKN
READ(IB4D) (HBI(L)#L.1,NNHYPP)
WRITE(NBND) (HBI(L)*Lo1,NNHYPP)

22 CONTINUE
24 REWIND NBND

C READ FIRST 2 ROWS FROM FILE NBND.
READ(NBND) (HB1(L),L*1,NMHYPP)
REAO(NSND) (Hgl(NNHYPP.L;,L.1,t4NHYPI
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JIN - 2
KIN- 2
ISW a 2
INDH1 a 0
INDH2 - NNH'fPP
TDENOM * 1.OHITIZ - TII)

30 IF(T-TTEST sGTs T12)GOTO 14

IF(ABS(X -XIN) .GT. XTEST)GOTO 140
IF(YIN(1) -Y oGT. YTEST .ORe Y - YINIJN) *GT9 YTEST)GOTO 140
IF(ZIN(1) -Z sGT. ZTEST .ORo Z - ZIN(KN) .GTs ZTEST)GOTO 140

32 IF(Z-ZTEST *LTo ZIN(KIN) )GOTO 38
IlF(ISW *EQ. 1)GOTO 34
READ(NBND) (HB1(L)pLm1,NNHYP0)
ISW a 1
INDH1 a NNHYPP
INDH2 - 0
GOTO 36

34 READ(NBND) (4Bl(NNHYPP4L),Ls1pNNHYPP)
I5W a 2
INOH1 a 0
INDH2 a NNHYPP

36 KIN a KIN.1
ZDENOM a 1.0/(ZINIKIN) - ZIN(KIN-i))
JIN a2
GOTO 32

38 IF(Z4ZTEST .LT. ZIN(KIN-1) )GOTO 24
C LOCATE THE CORRECT COLUMN*

IF(Y.YTEST *LT. YIN(JKN-1) ) JIN a 2
40 IF(Y-YTEST .LT* YIN(JIN) )GOTO 42

JIN - JIN41
GOTO 40

C NOWp SET ADDRESSES AND DO THE INTERPOLATION,
42 IREF a (JIN - 2)*NNH

YRATIO a (Y - YIN(J.N-1) )I(YIN(JINI - YIN(JIN-I))
TRATIO a (T - TI1)*TDENOM
ZRATIO a (Z - ZIN(KIN-1) )*ZDENOM

C THREE INDICES THAT ARE 1 DR 2 BELOW REPRESENT LOWER OR
C HIGHER VALUES OF Y, Z, OR TD RESPECTIVELY,

LF111 a INDH1 + IREF
LF211 m LF111 + NNH
LF112 - LF111 + NNHYPR
LF212 a LF112 4 NNN
LF121 a INDHZ 4 IREF
LF221 - LF121 + NNN
LF122 a LF121 + NNHYPR
LF222 a LF122 + NNH
DO 50 L- Io5
Fill a HBI(LF111 + L)
FY11 a F111 + (HS1(LF211+L) - Fll1)*YRATIO
F121 a HB1(LF121+L)
FY21 a F121 + (Hg1(LF221+L) - F121)*YRATIO
FYZI a FY11 + (FY21 - FY11)*ZRATIO
F112 a HBI(LF112 + L)
FY12 a F112 + (HB1(1F212+L) - F112)*YRATIO
F122 a HB1(LF122.L)
FY22 - F122 + (HB1(LF222+L) - F1223*YRATIO
FYZ2 a FY12 + (FY22 - FY12)*ZRATIO
H(L) m FYZI. + (FYZ2 - FYZI)*TRATIO

50 CONTINUE
U H '(1)
V H '(2)
W H '(3)
E H '(41
RHO *H(5)
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RETURN
C

STOP ABRT LBND9D3* NO DATA ON FILE.'

105 FORMAT(//' ABORT# LBND903o NO DATA ON FILE.')
110 WRITE(6*151

STOP' ABIRT LBND9D3* FIRST FILE WORD 40T 559.0'
*115 FORMAT(//$ ABORT# LON09D3@ NEADI NOT 15.0')
*120 WRITE (6s 125)J No,JMX#KN*KMXPNNHYPP#NMX

STOPI ABORTiLBNO9DS. DIMENSION TOO SMALL.'
125 FDRMAT/' ABORT# LIND9D3* DIMENSION TOO SMALL9'/

+ I JN#JMXPKN#KMXPNNHYPP*NMXo 1611
130 WRITEf8,135TNTSHIFT9TsTI1

STOP$ ASORT#LB4D9OS. REQUESTED T LT INITIAL TIME IN FILE.'
135 FORMATI' ABORT# LSHD9DS. REQUESTED T LT INITIAL TINE IN FILE*'/

+ t TPI4TSHIFTTTI1. '12P41J.7)
140 WRITE (6a 145)

WRITE (6oGRIO3
STOP' ABORT# LBND9D3@ SPATIAL VARIABLE OUTSIDE RANGE.'

145 FORMAT(1I' ABORTP LSND9D3o SPATIAL VARIABLE OUTSIDE RANGE.')
160 WRITE(6p1651TH9TSHIFToTaTZ1.T12

STOP' ABORT# LBND9D3. END OF FILE BEFORE Tel
165 FORMATI' ABORT, LBND9D3* END OF FILE BEFORE Tell

+ I T14TSHIFTvTvTI1,oT12u '1PS0E15.71
END

*LABEL ENDBND9
*KEEPTD ENOBHD9 RBOUND9 AND DIMEN3

SU8RflUTINE RIND9D3(TNXH, YHDZHDU, Vs WER4D)
C BOUNDARY SUBROUTINE FOR RBOUND.9. INPUT PREPARED BY
C HULLUP IS ASSUMED ON FILE TAPE32 FOR X a (KIN).
C XN SHOULD BE K(IMAX)-O.5*DK(IMAX). XN + XSHIFT SHOULD BE KIN.
C
C KN * 2 RECORDS PER TIME DUMP'

.4.C HEADER-555s0,OLD PROBTI1.T12.KIN#NNH#JNKN
C GRZD-(YIN(J),JmlJN)(ZIN(K),K.1,KN)
C HYDRO DATA NNH/POINT FOR TIMES T1L AND TIZ
C KN ROWS AT (YI4(J)oZIN(K)sJs1.JN) FOR Km1vKN.

COMMON/SHIFT/TSHI PTXSHIFT.YSHIFTZSHIFT
C VALUES IN SHIFT SET IN MULLIN*
C
C FOLLOWING ARRAYS SET TO ACCOMODATE JN sLE. 200.
C COMM4ON/HB2/ TO ACCOMODATE LEVEL 2 STATEMENT.

COMMON/HB2/HB2( 4000)
DIMENSION M(5)
DIMENSION YIN(200)#ZIN(200)

C
LEVEL 2, HB2
NAMELISTINEADIN/HEAD1,OLPROBT1,T,INXN#4HHJNIKN
NAMELISTIGRID/XHKSHIFTKKINYH.YSHIfTTYIYNZHZSHIFTZZIN

C SET FILE NUMBER. STATE ARRAY DIMENSIONS.
DATA IBND, NBNO, JMX.KMXNMK/32, 82 200,200, 4000/

C NMX IS ADDED TO LCM IN MULLIN IHULL925O)o
C SET TF1 TO -1.0 FOR INITIAL VALUES.

DATA TF1I-1.0I
C
C SHIFT DATA FROM NULL COORDINATES TO BOUNDARY COORDINATES.

T a TH + TSHIFT
X a XN * XSHIFT
Y a YH + YSHIFT
Z a ZN + ZSHIFT

C IS THIS AFTER THE INITIAL ENTRY?
IF(TF1 *GTe -0.91GOTO 30
TFI 1.0
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C READ FIRST HEADING, GRID# AND HYDRO SET. CHECK.
REWIND IBND
READCIBNO)HEADlOLPRDBTIl,TIZXINNNHJNKN
IF(E3F(IBNO) *ME. 0 )GOTO 100
TTEST a 0900001*(T12 - T1l)
XTEST - 0.000000l*XIN
WRITE (6,5)

5 FORPIAT(1/' INITIATE RBOUND9 INPUT. FIRST HEADER RECORD:')
WRITE (6,4EADIN)

4 IF(ABS(HEAD1 - 555.0) *GT. 0.OlIGOTO 110
MNHYPR a NNH*JN
NNHYPP - NNHYPR*2
IF(JN .GT. JMX .OR. KM oCT. KMX *aR. NNHYPP .6!. NMXJGOTO 120
IF(T.TTEST .LT. TIliGflTO 130
OLPRB1 a OLPROB

C READ GRID FOR INPUT BOUNDARY PLANE.
READ(IND) (YIN(J),J.1,JN),(ZIN(K),KulgKN)
YTEST a (YIN(2) - YIN(1) )00.00001
ZTEST - (ZIN42) - ZIMM1 )*0.00001

10 IF(T+TTEST oLE. TrZ)GOTO 20
C FIND THE NEXT 4EADER RECORD.

14 READ( IBND)HEADIOLPROSTI1,T12,XIN.MNHJN.KN
IF(EOF(IBND) *ME. 0)GOTO 160
IF(OLPROB .NEo OLPRB1 .OR. HEADI *ME* 555.0)GOT0 14

C T-IIS IS A MEW HEADER RECORD. BYPASS THE GRID RECORD.
READ IIBND)DUNNY

* COTO 10
C READ HYDRO RECORDS. STORE IN FILE NBNDo

20 REWIND NIND
0O 22 Kw1,KN
READ(IND) (HS2(Lb#Lo1,MNHYPP)
WRITEINBND) (HB2(L)pLmlMHYPP)

22 CONTINUE
24 REWIND MND

C READ FIRST 2 ROWS FROM FILE MIND.
READININD) (HB2IL)*Ls1,NMHYPP)
READ(MNO) IHB2IMNHYPP+L),PLs1,MN4YOP)
JIM a 2
KIN -2
ISW a 2
INDH1 a 0
INDH2 - MMHYPP
TOENOM a 1.0/1T12 - Tri)

30 IF(T-TTEST .6!. T12)G0T0 14
IFIABS(X - IM) .GTs XTEST)Gn)TO 140
IF(YIN(1) -Y sGT. YTEST .OR. Y - YIN(JN) sGTo YTESTIGOTO 140
IF(ZIN(l) -Z .67. ZTEST *OR* Z - ZIN(KNI .6!. ZTEST)GOTO 140

32 IF(Z-ZTEST oLT. ZIN(KII) )COTO 36
IF(ISW 9EQ. 1I1t0TO 34
READ(MNO) (HB2(LlLa1,NNNYPOI

pg.D4 0 NNHYPP

INDH2 a 0
GOTO 36

34 READININD) I'482(NNHYPP*L)#Lm1,NNHYPP)
ISW a 2
INOH1 - 0
INDHZ a NNHYPP

36 KIN - KIN*1
ZOEMOM a 1.01(ZIN(KIN) - ZIM(KIN-1))
JIM m 2
GOT!) 32

38 IF(Z+ZTEST *LT. ZINIKIM-11 )G0TO 24
C LOCATE THE CORRECT COLUMN.
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ZF(Y#YTEST *LTo YZN(JIN-1) ) JIN a 2
40 IF(Y-YTEST *LT, YIN(JIN) )GOTO 42

JIN a JINeI
GOTO 40

C NOW, SET ADDRESSES AND DO THE INTERPOLATIONS
42 IREF - (JIN - 2)*NNH

YRATIO a (Y - YIN(JIN-1) )I(YIN(JIN) - YIN(JIN-l) )
TRATID - (T - TIl)*TDEtiOM
ZRATIO - (Z - ZIN(KIN-1) )*ZDENOM

C THREE INDICES THAT ARE 1 OR 2 BELOW REPRESENT LOWER OP
C HIGHER VALUES OF Y, Z, OR T, RESPECTIVELY.

LF111 a INDHI + IREF
LFZ1l a LF1l1 + NN4
LFI12 a LF11l + NNHYPR
LF212 a LF112 + NNH
LF121 a IND82 + IREF
LF221 a LF121 + NNH
LF122 a LF121 + NNHYPR
LF222 a LF122 + NNH
DO 50 L=l1,5
F111 a HBZ(LF111 + L)
FY11 a Fill + (HBZ(LF2llLl - FlllI*YRATIO
F121 a HBZ(LF121.L)
FY21 s FiZ1 + (HB2(LF221*L) - F1211*YRATIO
FYZI a FY11 + (FY21 - FY11)*ZRATIO
F112 a HB2(LF112 + L)
FY12 a F112 + (HB2(LF212eL) - FliZ)*YRATID
F122 a HB2(LF122 L)
FY22 a F122 + (HB2(LF222*L) - F122)*YRATIO
FYZ2 m FY12 + (FY22 - FY12)*ZRATIO
H(L) a FYZi + (FYZ2 - FYZ1)*TRATIO

50 CONTINUE
U " H(l)
V * H(2)
W " H(3)
E * H(4)
RHO - H(51
RETURN

C
100 WRITE(6#105)

STOP ABORT# RBND9D3. NO DATA ON FILEo
105 FORMAT(I/' ABORT, RBND9D. NO DATA ON FILE.')
110 WRITE(6pl15)

STOP$ ABORT RSNDQD3. FIRST FILE WORD NOT 555.0'
115 FORMAT(II' ABORT, RBND9D3, HEADI NOT 555.0')
120 WRITE(6,125)JNJMXKNKMXNNHYPPNMX

STOP' ABORTeRBND9D3. DIMENSION TOO SMALL**
125 FORMAT(II' ABORT, RBND9DS. DIMENSION TOO SMALL.I

+ o JNJMXKNKMXNNHYPPhNMX',6181
130 WRITE(6,135JTHeTSHIFTTvTI1

STOP' ABORTRBNDQD3* REQUESTED T LT INITIAL TIME IN FILE.'
135 FORMAT( o ABORT, RBNDQD3* REQUESTED T LT INITIAL TIME IN FILE*'/

+ I TH#TSHIFTeT, TIu 'P1P4E15.7)
140 WRITE (6,145)

WRITE (6,GRID)
STOP' ABORT, RBND9D3o SPATIAL VARIABLE OUTSIDE RANGE o

145 FORMAT(II' ABORT, RBNDQD3o SPATIAL VARIABLE OUTSIDE RANGE.')
160 WRITE(6,165)THTSHIFTTTI1,TI2

STOPI ABORT# RbND9D3. END OF FILE BEFORE T.0
165 FORMATI' ABORTo RBNDQD3o END OF FILE BEFORE To'/

I ' THPTSHIFT#TPTI1,T12- tplP5E15,71
END

*LABEL ENDBND9
*KEEPTO ENDBND9 SBOUND9 AND DIMEN3
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SUBROUT14E BBND9D3(THX'4,YHZHUVWERrIO)
C BOUNDARY SUBRIUTINE FOR BBOUND.9. INPUT PREPARED BY
C HULLUP IS ASSUJMED ON FILE TAPE33 FOR Z a (ZINI.
C Z'I SHOULD BE ZO. ZN + ZSHIFT SHOULD BE ZIN.
C
C JN + 2 RECORDS PER TIME DUMP:
C 4EADER--555.0#DLD PRD~sTI1,TIZZINPNNH*INPJN
C GRID--(XIN(I3,Is1,IN), CYIN(J)DJ*1,JNI
C HYDRO DATA NNH/POZ'4T FOR TIMES TIl AND T12

COMON/4IF/TSIFTXSHIFTYSNIFTDZSHIFT

C VAUES N SHFT ST INHULLIN.

C FOLOWIG ARAYSSET O ACOMOATEIN sLE. 200.

NAMELIST/HEAOIN/I4EAD1,OLPROBTI1,TI2,ZINNHINJN
NAMFLIST/GRID/XI, XS'4IFT, XXIN, YH, YSHIFT, YYIN, ZNZSHIFT, ZZEN

C SET FILE NUMBER. STATE ARRAY DIMENSIONS.
DATA IeNDNBtDIMXJMXd4MX/33.63.200.200.40001

C NMX IS ADDED TO LCM IN NULLIN (HULL925O)o
C SET TF1 TO -1.0 FOR INITIAL VALUES.

DATA TF1I-1.O/
C
C SHIFT DATA FROM HULL COORDINATES TO BOUNDARY CJORDINATESo

T - TN + TSHIFT
X - XH + XSHIFT
Y a YH + YSHIFT
Z - ZN + ZSi4IFT

C IS TH4IS AFTER THE INITIAL ENTRY?
IF(TF1 *GTo -0.QJGOTO 30
TF1 a 1.0

C READ FIRST HEADINGP GRID, AND HYDRO SET. CHECJ.
REWIND ISNO
READ (IBND)HEADIPOLPROBTIITI2,ZlNg NNI*IINJN
IFIEOF(IBND) *HEe 0 )GOTO 100
TTEST a 0.OOO01*(TIZ - TII)
ZTEST a 0.00000001*ZIN
WRITE (6,5)

5 FORMAT(//* INITIATE BBOUND9 INPUT. FIRST HEADER RECORD:')
WRITE (6, HE ADINI
IFIASS(HEAD1 - 555.0) eGTe 0.01)GD 110
NNHYPR - NNH*IN
NNHYPP a NNHYPR*2
IFIIN .GT. IAX *OR* JN .GT* JMX *OR* NNI4YPP .GT. NMX)GOTO 120
IF(T*TTEST oLT. T11)GOTf) 130
OLPRB1 a OLPROB

C READ GRID FOR INPUT BOUNDARY PLANE.
REAO( IBP4D) (XIN(I),I.1,IlN),(YIN(J),Ju1,JM)
XTEST a (XIN(2) - XIN(I) )00.00001
YTEST a (YIK(Z) - YIN(1) 100.00001

10 IF(T+TTEST oLE. TIZ)GOTO 20
C FIND THE NEXT HEADER RECORD.

14 READ(IBND)HEAD1,OLPROBTI1.TIZZINNNHIMJN
IF(EtIFlIBND) .ME, O)GOTO 160
IF(OLPROB .ME. OLPRB1 .OR. HEADi .ME. SSS.O)GOTO 14

C TAIS IS A NEW HEADER RECORD. BYPASS THE GRID RECORD.
READ(IIBND)DUFIMY
GOTO 10
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C READ 94YDR0 RECORDS* STORE IN FILE NUNO.
20 REWIND MOND

* DO 22 J-lvJN
READ(ISND) (HS3(L)uLwlNN4YPP)
WRITEtNOND) (143(L)vLw1,NNHYPP)

22 CONTINUE
24 REWIND MIND

C READ FIRST 2 ROWS FROM FILE NIND.
READ(NSND) (HS3(0LsluNNHYPP)
READ(NBND) (H93(NMIIYPP+L)*Lol*NNHYPP)
IIN a 2
JIN a 2
ISM a 2
INDHI a 0
INH2 - NNHYPV
TDENOM s 1.OlIT12 - T11)

30 IF(T-TTEST *gT* TI2)OTO 14
IF(ABS(Z -ZINI 9GT* ZTESTIGOTO 140
IF(XIN1 - X 96Ts XTEST *0R* X - XIN(IN) 9GT9 XTEST)GOTO 140
IF(YIN(l) -Y *GT@ YTEST .03. Y - YIN(JII) *GT, YTEST)GOTO 140

32 IFfY-YTEST sLT. YIN(JIN) )GOTD 31S
IF(ISW *EQs 1)GOTO 34
READ(t4IND) (HS3(L),L.1,NNNYPP)
ISM a I
INDHI a NNHYPP
INDM2 - 0
COTO 36

34 READ(NIND) (43(NNHYPP+L1#Lm1,NNHYPP)
ISM a 2
INDHI a 0
IND042 a NNHYPP

036 JIN a JIN+1
YDENDI! a 1*OI(YIN(JIN) - YIN(JIN-2)3
IIN a 2
COTO 32

36 IF(Y+YTEST sLTe YIN(JIN-11 )GOTO 24
C LOCATE THE CORRECT COLUMN.

IF(X.XTEST eLTs XINIIIN-11 ) 11W a 2
40 IF(X-XTEST @LT* XIN(IIN3 )GOTO 42

IIN a IIN~l
COTO 40

p.C NOW* SET ADDRESSES AND DO THE INTERPOLATION.
42 IREF a (IMN - 21*NNH

XRATIO a (X - XIW(IIN-31 )I(XIN(IIN) - XINIIIN-1) I
TRATIO - (T - TI1)*TDENOR
YKATIO - (Y - YIN(JIN-11 )*YDENOM

C THREE INDICES THAT ARE I OR 2 BELOW REPRESENT LOWER 01.
C H16'4ER VALUES OF X, Yo OP. To RESPECTIVELY.

LF111 a INDHI + IREF
LF211 a LF111 # NNH
LF112 a LF111 + NNHYPR
LF212 a LF112 + NN
LF121 a INDH2 # IREF
LF221 a LF121 + NNH
LF122 a LF121 + MNHYPR
LF222 a LF122 + NNH
DO 50 Lo1,5
Fill a HS3ILF111 * Ul
FXll a Fill + (HB3(LF211L) - Fl)*XRATIO
F121 a HS3ILF121.L)
FX21 a F121 + IHS34LFZZ1.L) - F12110XRATIO
FXll s FXll + (FX2l - FX1110YRATIO
F112 a HB3(LFII2 + LI
FX12 a F112 + (HS34LF212+L) -F112)SXRATIO
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F122 n HB3(LFl224Ll
FX22 a F122 + (HB3(LF2ZZ4L) -F122)*XRATIO

FXY2 a FX12 + (FX22 - FX12)*YRATIO
H(L) a FXY1 + (FXY2 - FXY1)OTRATIO

50 CONTINUE
U H 1(l)
V H 1(2)
W 403)
E *H(4)

RHO a H(5)
RETURN

C
100 WRITE (6s 105)

STOP' AB3RTv BBND9D3a NO DATA ON FILE.'
105 FORMAT(/I ABORT, BBND9D3* NO DATA ON FILE*')
110 WRITF(6p1151

STOP' ABORT BBNO9D39 FIRST FILE WORD NOT 555.0'
115 FORMAT(//I ABORT, BBND9D3. HEAD1 NOT 555.0')
120 WRITE(6,125)INI'iXJNPJMXNNHYPPNMX

STOP' ABORTBBND9D3o DIMENSION TOO SMALL.'
125 FORMAT(//$ ABORT, BBNDQD3. DIMENSION TOO SMALL.'/

+ I INPIMXPJNPJPXNNHYPPNMX. ',6l6)
130 WRITE(6,135JTNTSHIFTpTTI1

STOP' ABCORTBBND9D3. REQUESTED T LT INITIAL TIME IN FILE.*
135 FORMATI' AFORTs BBND9D3. REQUESTED T LT INITIAL TIME IN FILE*'/

+ I THPTSHIFT,*TPTIls ',1P4E15.7)
140 WRITE (6#145)

WRITE (6#GRID)
STOP' ABORT, BBND9D3. SPATIAL VARIABLE OUTSIDE RANGE.'

145 FORMAT(/I' ABORT, BBND9D3o SPATIAL VARIABLE OUTSIDE RANGE.')
160 WRITE(6,165)THTSHIFT,-TTI1,TI2

* STOP' AB!ORT, BBND9D3. END OF FXLE BEFORE Tel
* 165 FORMATI' ABflRT,- 8BND9D3, END OF FILE BEFORE Tel/

+ I THPTSi4IFTPTPTI1,TI2u ',1P5E1597)
END

*LABEL ENDBND9
*KEEPTO ENOBNO9 TBOUND9 AND DIMEN3

SUBRnUTINE TBND903(THXHY4,ZHUVWER4O)
C BOUNDARY SUBROUTINE FOR TBOUND=9. INPUT PREPARED BY
C HULLUP IS ASSUMED ON FILE TAPE34 FOR Z - (ZIN).
C ZH SHOULD BE Z(KMAX)-0.5*DZ(KMAX)o ZH + ZSHIFT SHOULD BE ZIN.
C
C JN + 2 RECORDS PER TIME DUMP:
C HEADER-555.0POLD PROBT1,TIZsZINPNNHPINPJN
C GRID--(XIN(I),I.1, IN), (YIN(J),J*1,JN)
C HYDRO DATA NNH/POINT FOR TIMES T11 AND T12
C JN ROWS AT (XIN(I),vYIN1J),Is1pIN) FOR Jw1vJN.
C

COMMONISIIIFTITSHIFTPXSHIFTYSHIFTZSHIFT
C VALUES IN SHIFT SET IN HULLIN.
C
C FOLLOWING ARRAYS SET TO ACCOMODATE IN sLE. 200o
C C04MONtHB4/ TO ACCOMODATE LEVEL 2 STATEMENT.

COMMON/HB4/HB4( 4000)
DIMENSION H(5)
DIMENSIO4 XIN(200)#YIN(200)

'p C
LEVEL 2, 14B4
NAME LIST/HEADINI4EAD1, OLPROBT IIPTI 2ZINNNHP INs JN
NAME LIST/GRIDIXH# XSHIFTv XpXINP YH#YSHIFTv YvYIN, ZHvZSHIFTP ZoZIN

C SET FILE NUMBER. STATE ARRAY DIMENSIONS.
* DATA IBNDPNBNI),IMXJMXNMXI34,64,200,200,4000/

C NMX IS ADDED TO LCM IN HULLIN (HULL925O)o
C SET TF1 TO -1.0 FOR INITIAL VALUES.
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DATA TF1/-loO/
C
C SHIFT DATA FROM HULL COORDINATES TO BOUNDARY COORDINATES*

T a TH + TSHIFT
X a XH + XSHIFT
Y a YH + YSHIFT
Z a ZH + ZS41FT

C IS THIS AFTER THE INITIAL ENTRY?
IF(TF1 .GT, -0*9)GOTO 30
TFI a 1.0

C READ FIRST HEADING, GRID, AND HYDRO SET. CHECJ.
REWIND IBND
READ(C IBND)HEADIOLPROBTI1,T12,ZINNNHIMJN
IF(EOF(IBMD) oNE. 0 )G2TO 200
TTEST a 0*00001'1T12 - TIl)
ZTEST - 0.OOOOC.0O1*ZIN
WRITE(6,51

5 FORMAT(/If INITIATE TBOUND9 INPUT. FIRST HEADER RECORD:')
WRITE( 6pHEAD IN)
IF(ABS(HEADI - 555.03 *GTo 0O~IGOTO 110
NNHYDR a NNH*IN
NNHYPP - NNHYPR*2
IF(IH .GT. INX *OR* JN 9GTs JMX *OR9 NN'IYPP AT NMX)GOTO 120
IF(T+TTEST .LT. T11)GOTO 130
OLPRB1 - OLPROB

C READ GRID FOR INPUT BOUNDARY PLANE.
READ(IBND) (XIN(I),Ial, N),(YIN(J),JalJNI
XTEST - CXIN(2) - XIN~i) )*0.00001
YTEST a (YIN(2) - YIN(l) 3*0.00001

10 IF(T.TTEST *LE. T12)GOTO 20
C FIND THE NEXT HEADER RECORD.

14 READ (IBND3HEADlsOLPROBTIlT12,ZIN, NNH, INJN
IF(EOF(IBND) *ME. 0)GOTO 160
IFIOLPROB .ME. OLPRBI *ORo HEADI *NE. 555#0)GOTO 14

C T4IS IS A NEW HEADER RECORD. BYPASS THE GRID RECORD.
READ( IBND)DUNNY
GOTO 10

C READ HYDRO RECORDS. STORE INi FILE MUND.
20 REWIND NBMO

DO 22 JIJN
READ(IBND) (HB4(L)pLalMNHYPP)
WRITE(NBD) (HB4(L)PLu1,NNHYPP)

22 CONTINUE
24 REWIND NBND

C READ FIRST 2 ROWS FROM FILE NBNDs
READ(NBND) (H94(L)sLwlNNHYPP)
READ(NUND) (H94(NMHYPP+LlmLwlNNHYPP)
IIN a 2
JIM a 2
ISW - 2
INDHI, a 0
INDH2 a NNHYPP
TDENOM a 1.0/(TI2 - TIl)

30 IF(T-TTEST *GT. T12160TO 14
IF(ABS(Z -ZIN) oGT9 ZTEST)GOTO 140
IF(XIN~l) X K GTo KTEST *OR@ X - KIMCIN) *GTo XTEST)GOTO 140
IFfYIMfl) -Y .GTo YTEST *OR. Y - YIN(JN) .GTo YTEST)GOTO 140

32 IF(Y-YTEST aLT* YIN(JIN) IG0TO 36
IF(ISW eEQ. 1)GOTO 34
READ(NSHO) (HB4(L)#Lw1,NNHYPP)
ISW a 1
IMOH1 a NNHYPP
INDH2 a 0
GOTO 36
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34, REAO(NSNO) (44N4P+l#msNY~
4 15W a 2

INDHI a
4 IN!H2 a NNHYPP

36 JIN w J14+11
YDENOM a 1.OI(YIN(JINI - YIN(JIN-1))
uIN * 2
GOTO 32

38 IF(Y.YTEST *LT. YIN(JIN-11 )GOTO 24
C LOCATE THE CORRECT COLUMN.

IF(X4XTEST sLTe XIN(IIN-l) ) IIN a 2
40 IF(X-XTEST eLT. XINIIIN) )COTO 42

IIN a IIN41
GOTO 40

C NOW, SET ADDRESSES AND DO T04E INTERPOLATION*
42 IREF a (LIN - 21*NNH

XRATIO a (X - X14(IIN-1) )/(XIN(IIN) - XINIIIN-l) I
TRATIO - (T - TIl)*TDENOM
YRATIO a (Y - YIN(JIN-i) )*YDENOM

C THREE INDICES THAT ARE I OR 2 BELOW REPRESENT LOWER OR
C HIGHER VALUES OF Xv Yo OPR To RESPECTIVELY*

LF111 a IND'41 + IRE F
LF211 a LF111 + NNH
LF212 a LFIII + NNHYPR
LF212 a LF112 + NNH
LFIZ1 9 INDb42 + IREF
LF221 - LF121 + NNH
LF122 a LF121 + NNHYPR
LF222 a LF122 + NNH
DO 30 L-1#5
FIll a H84(LFlII + LU
Fxll a FIJI + (HB4(LF211l4L - Flll)*XRATIO
F121 0 HB4(LFl21l4l

*FX21 a F121 + (HB4(LF2214Ll - Fl2l)*XRATIO
FXY1 a FXll + (FX21 - FX11)*YRATIO
F112 a HB4(LF112 4 U)
FX12 s F112 + (H84(LF2124Ll - FllZ)*XRATIO
F122 a HB4(LF1224L)
FX22 a F122 + (HB4(LF2224Ll - F122)*XRATIO
FXY2 w FX12 + (FX22 - FXl2)*YRATIO

*H(L) a FXY1 + (FXY2 - FXY1)OTRATIO
50 CONTINUE

U *H(I)
V *H(2)

W m 4(31
E a H(4)
RHO a H(5)
RETURN

C
100 WRITE (6,105)

STOP' ABIRTP TBND9D3, NO DATA ON FILE.'
105 FORMAT(//@ AB3RT, TBND9D3& NO DATA ON FILE.')
110 WRITE(6,115)

STOP' ABORT TBND9D3* FIRST FILE WORD NOT 555.0'
115 FORMAT(f/' ABORT, TBND9DS. HEADI NOT $55.0')
120 WRITE(6,125)INIMX.JNJMXNNHYPPNMiX

STOP' ABORT#TBND9D3. DIMENSION TOO SMALL.'
125 FORMAT(//' ABORT, TBND9D3. DIMENSION TOO SMALL**/

*'INIMXJNPJMX,NNHYPP.NMXN*,6IS)

130 WRITE6l35)THTSHIFTTvTIl
STOP$ ABORTPTBND9039 REQUESTED T LT INITIAL TIME IN FILE.'

135 FORMATC' ABORT, TBND9D3. REQUESTED T LT INITIAL TIME IN FILEe'I
+ I THPTSH!FTPTPT11- ',1P4E15.7)

140 WRITE(6,145)
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WRITE (6v GRID)
STOP' ABORT* TBNOQD3* SPATIAL VARIABLE OUTSIDE RANGE.'

145 FORMAT(//' ABORT# TBN09D3o SPATIAL VARIABLE OUTSIDi RANGEo'3
160 WRITE(691653THTSHIFTTTI1,TIZ

STOP' ABI1RTP TBND9D3* END OF FILE BEFORE Te'
165 FORMATI' ABORT* TBND9039 END OF FILE BEFORE To'/

ITH#TSHIFT#TT11,TI2u ,IP5E15.7)
E NO

*LABEL ENDBND9
OKEEPTO ENDBND9 ABOU4D9 AND OIMEN3

SUBROUTINE ABNflQD3(T14XHYHZHUVWER40O)
C BOUNDARY SUBROUTINE FOR ABOUNDeg. INPUT PREPARED BY
C HULLUP IS ASSUMED ON FILE TAPE35 FOR Y a (YIN).
C YH SHOULD BE YO. YH + YSHIFT SHOULD BE YIN.
C
C KN + 2 RECORDS PER TIME DUMP'
C HEADER-555,0,OLD oRflBT11,T12*YIN#NNHINPKN
C GRID--(XIN(I13,1.1, N3, (ZIN(K),Km1,KN)
C HYDRO DATA NNH/POINT FOR TIMES T11 AND T12
C KN ROWS AT (XIN(I)xZINIK3,Iml1N3 FOR Kw1,KNo
C

COMMr)N/SHIFT/TSHI FT, XSHIFT,YSHIFTZSHIFT
C VALUES IN SHIFT SET IN HULLIN.
C
C FOLLOWING ARRAYS SET TO ACCOMODATE IN *LE. 200.
C COMMON/H85/ TO ACCOMODATE LEVEL 2 STATEMENT.

COMMON/HB5/HB5( 40003
DIMFNSIO4 H(5)
DIMENSION XIN(200)PZIN(2001

C
LEVEL 2,o HB5
NAME L IST/HE ADIN/HEAD1, OLPROBpT IlsT12pYINv 4NHp INKN
NAME LISTIGRID/XHP XSHXFTPX# XINYHP YSHIFToYYIN, ZNZSHIFTv Z*ZIN

C SET FILE NUMBER. STATE ARRAY DIMENSIONS.
DATA lBN4DNBNDIMXKMXNMX/35,65,200,200,4000/

C NMX IS ADDED TO 1CM IN HULLIN (HULL925O).
C SET TF1 TO -1.0 FOR INITIAL VALUES.

DATA TFI-1*0I
C
C SHIFT DATA FROM HULL COORDINATES TO BOUNDARY COORDINATESs

T a TH + TSHIFT
X a XH + XSHIFT
Y a YH + YSHIFT
Z n ZH + ZSHIPT

C IS THIS AFTER THE INITIAL ENTRY?
IF(TF1 .GT. -0,Q3GOTO 30
TF1 w 1.0

C READ FIRST HEADING# GRID, AND HYDRO SET. CHECK.
REWIND IBND
READ(IOND)HEAD1,IILPROITI1IZYINNNH1t4,KN
IF(EOF(IBND) 9NE. 0 )GOTO 100
TTEST o 0.O0O01*(T12 - T11)
YTEST a 0.O0000001*YIN
WRITE ( 6, 5)

5 FORMAT(I INITIATE ABOUND9 INPUT. FIRST HEADER RECORD'')
WRITE I6sHEADIN)
IF(ABS(HEAD1 - 555.0) .GT9 0.O11GOTO 110
NNHYPR a NNH*IN
NNHYPP a NNHYPR*2
IF(IN .6T. IMX DOR. KN .GTo KMX DOR. NNHYPP oGT9 NMX)GOTO 120
IF(T+TTEST LT7. TI1)GOTOJ 130
OLPRB1 a OLPROB

C READ GRID FOR INPUT BOUNDARY PLANE.
READ( ISNO) (XIN(I)vIw1*1N3, (IN(K),K.1,KN)



XTEST a (XIN(2) - XIN(l) 3*0.00001
ZTEST a (ZIN(2) - ZINM ) *0.00001

10 IF(T.TTEST eLE. T12)GOTO 20
C FIND THE NEXT HEADER RECORD.

14 READ(IBND)HEAD1,OLPROBTI1,TI2,YINNNHINKN
IFIEOF(IBMD) *HE. 0)GOTO 160
IF(OLPROB *NE* OLPRB1 eOP. HEADI 9NE. 555*0)GOTO 14

C T-iIS IS A NEW HEADER RECORD. BYPASS THE GRID RECORD.
READ( I8BND)DUi MY
GOTO 10

C READ HYDRO RECORDS. STORE IN FILE NBND.
20 REWIND NBND

DO 22 Km1,KN
READ(IBND) (H85(L),Lw1,NNHYPP)
WRITE(NBND) (HB5(L3,Lu1,t4NHYPPl

22 CONTINUE
24 REWIND NBND

C READ FIRST 2 ROWS FROM FILE NBND.
REA[D(NBNO) (H45(L)vLwlNNHYPP)
READ(NBND) (HB5(NNHYPP4L),LE1,NNHYPP)
TIN - 2
KIN - 2
ISW a 2
INDH1 a 0
INDH2 a NNHY~b
TDEHDM a 1.0/(T12 - TII)

30 IF(T-TTEST *GT, TI2)GOTO 14
IF(ABSIY -YIN) .GT. YTEST)GOTO 140
IFIXIN~l) -X .GT. XTEST *OR* X - XIN(IN) .GTe XTEST)GOT) 140
IF(ZIN~l) -Z .GT. ZTEST .OR. Z - ZIN(KN) .GT* ZTEST)GDTO 140

32 IF(Z-ZTEST @LT* ZIN(KIN) )GOTO 38
IF(TSW .EQ* 1)GOTO 34
READ(NBND) (HB5(L),LslNNHYP9)
ISW a 1
INDH1 a NNHYPD
INDH2 - 0
GOTO 36

34 READ(NBND) I4B5(NNHYPP+L)#L*1,NNHYPP)
ISW - 2
INDH1 a 0
INDH2 a NNHYPP

36 KIN a KIN+1
ZOENOM - 1.OI(ZIN(KIN) - ZIN(KIN-1))
TIN a 2
GOTO 32

38 IF(Z.ZTEST eLT. ZIN(KIN-1) )GOTO 24
C LOCATE THE CORRECT COLUMN.

IFfX4XTEST *LT. XIN(TTN-1) I TIN a 2
40 IF(X-XTEST .LT. XIN(IIN) )GOTO 42

TIN - IIN+l
GOTO 40

C NOW, SET ADDRESSES AND DO THE INTERPOLATION.
42 IREF a (TIN - 2)*NNH

XRATIO a fX - XIN(IIN-1) )/(XN(IN) - XIN(IIN-1)
TRATIO a (T - Tl1)*TDENOM
ZRATIO a (Z - ZIN(KTN-1) l$ZDENOM

C THREE INDICES THAT ARE 1 OR 2 BELOW REPRESENT LOWER OR
C HI164ER VALUES OF X, Zo OR To RESPECTIVELY.

LF111 - INDHi + IREF
LF211 w LF111 + NNH
LF112 - LF111 + NNHYPR
LF212 a LF112 + NN4
LF121 a INDP42 + I RE F
LF221 - LF121 + NNH
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LF122 w LF121 NNHYPR
LF222 a LF122 + NNH
DO 50 L-1#5
F11l a HB5(LFlil + L)
FX21l w F1ll + (IB5(LF221lL) - F111)*XRATIO
F121 - HB5(LF12l+L)
FX21 a F121 + (HB5(LF221.Ll - F1Z1)*XPATIO
FXZ1 a FXll + (FX21 - FX11)*ZRATIO
F112 a HB5(LFll2 + L)
FX12 a F112 +(HBS(1F212+L) - F112)*XRATI3
F122 w HB5(LF122+L)
FX22 - F122 +('B5(LF222*L) - F122)*XRATIO
FXZ2 a FX12 +(FX22 - FX12)*ZRATIO
H(L) a FXZ1 + (FXZ2 - FXZ1)*TRATIO

50 CONTINUE
U H H(1
V H p(2)
W H H3)
E H (4)
RHO a H(5)
RETURN

C
100 WRITE(6,1051

STOP' ABORT, ABND9D3. NO DATA ON FILE.'
105 FORMAT(//' ABORT# ABND9D3s NO DATA ON FILE*')
110 WRITE(6Pll5)

STOP' ABORT AND9D39 FIRST FILE WORD NOT 555.0'
115 FORMAT(II ABORT, ABND9D3* HEADI NOT 555.0')
120 WRITE(6,1l25)14NIMXKNKMXNNHYPPNMX

STOP' ABORTABND9D3@ DIMENSION TOO SMALL.'
125 FORMAT(//' ABORT, ABND9D3. DIMENSION TOO SMALL'I/

+IINpIMXKNK'qXpNNHYPPsNMXw',618J
130 WRITE(6,9135)THTSHIFTvTTIl

STOP' ABORTABND9D3. REQUESTED T LT INITIAL TIME IN FILE.'
135 FORMATI ABORT, ABND9D3. REQUESTED T LT INITIAL TIME IN FILE*'/

+ I THPTSHIFTT,-TIle ',1P4El5.7)
140 WRITE(6,145)

WRITE (6, GRID I
STOP' AB3RT, ABND9D3o SPATIAL VARIABLE OUTSIDE RANGE.'

145 FORMAT(//' ABORT, ABND9D3* SPATIAL VARIABLE OUTSIDE RANGE.')
160 WRITE (6v165)TMTSHIFTTvTI1,TI2

STOP' ABORT, ARNO9D3. END OF FILE BEFORE Tel
165 FORMATI ABORT, ABND9D3o END OF FILE BEFORE Tel/

+ITNTSHIr-PTTlTI2= 1,1P5E15o7)
END

*LABEL ENDBND9
*KEEPTO ENDBND9 FBOUND9 AND DIMEN3

SUBROUTINE FBND903(TH,*XHYHZHUVWER40)
C BOUNDARY SUBROUTINE FOR FBOUNDw9. INPUT PREPARED BY
C HULLUP IS ASSUMED ON FILE TAPE36 FOR Y a (YIN).
C V49 SHOULD BE Y(JMAX)-0.5*DY(JMAX). YH + YSHIFT SHOULD BE YIN.
C
C KN + 2 RECORDS PER TIME DUMP:
C HEAOER-555o0,OLD 0ROBoTI1sTI2vYINpNNHpINmKN
C GRID--IXINI X),I1, IN), (ZIN(K),K-*KN)
C HYDRO DATA NNH/POINT FOR TIMES TIl AND T12
C KN ROWS AT (XIN(I)pZIN(K)sI.1vIN1 FOR K.1,KN9
C

COMMON/SHIFTITSHIFT. XS'IFTYSHIFTZSHIFT
C VALUES IN SHIFT SET IN HULLIN.
C

-pC FOLLOWING ARRAYS SET TO ACCOMODATE IN .LEo 200.
C COMMON/HBb/ TO ACCOMODATE LEVEL 2 STATEMENT.

COMMONIHB6/1B6( 4000)



DIMENSION H(5)
DIMENSION XIN(200),ZIN(200)

C
LEVEL 2j- H86
NAME LISTHEAD IN/hiEAD1, OLPROB,-T1,TI 2PYIN, NNH#IN#KN
NAME LIST/ GR ID/XHXSH IF TpXtXIN, YHYHIFTYY IN* ZH ZSHIF To ZpZIN

C SET FILE NUMBER. STATE ARRAY DIMENSIONS.
DATA IBNDNBND,-IMX,-KMXNMX/36,66,200,200,4000/

C HMX 1S ADDED TO 1CM IN HULLIN ('ULL925O).
C SET TFI TO -1.0 FOR INITIAL VALUES.

DATA TF1/-1.O/
C
C SHIFT DATA FROM HULL COORDINATES TO BOUNDARY COORDINATES.

T w TH + TSHIFT
X a XH + XSHIFT
Y - YH + YSHIrT
Z - ZH ZSHIFT

C IS THIS AFTER THE INITIAL ENTRY?
IF(TF1 *GT. -O.9)GOTO 30
Tf1 a 1.0

C READ FIRST HEADING, GRID, AND HYDRO SET* CHECK.
REWIND IBND
RfEAD( IBND)HE ADlOLPROBTI1,T12,YIN, NNH, INKN
IF(EOF(ISND) .ME. 0 )GOTO 100
TTEST * 0.00001*(T12 - TIl)
YTEST - O.00000001*YIN
WRITE(6#5)

5 FORMAT(//' INITIATE FBOUND9 INPUT* FIRST 4EADER RECORDS')
WRITE C6. HE ADIN)
IF(ABS(HEAD1 - 555.0) *GT. 0901)GOTO 110
NNHYPR - NN-4*IN
NNHYPP a NNHYPR*2
IF(IH eGT9 I4X or)R. KN oGTo KMX sORo NNHYPP *GT, NMX~rsOTO 120
IF(T+TTEST .LT. T11)GOTO 130
OLPRB1, - DLPROB

C READ GRID FOR INPUT BOUNDARY PLANE.

READ( IBNO) (XIN(I)pI=1,TN)p(ZIN(K)#Ka1,KN)
XTEST - (XIM(2) - XIN~l) 1*0.00001 i
ZTEST a (ZINIZI - ZINti) 1*0.00001

10 IF(T+TTEST *LE. T12)GOTO 20
C FIND THE NEXT HEADER RECORD.

14 READ( IBND)HEAD1,OLPROBTI1,TIZYINNNHINKN
IF(EOF(IBND) .ME. O)GOTO 160
IF(OLPROB *NE. OLPRB1 oOR. HEADI oNE. 55.*0)GOTO 14

C T'41S IS A NEW HEADER RECORD. BYPASS THE GRID RECORD.
READ( IBND) DUM'4Y
GOTO 10

C READ HYDRO RECORDS. STORE IN FILE NBNDo
20 REWIND NBND

DO 22 K*1,KN
READ(IBND) (HB6(L)PL.1,NNHYPP)
WRITE(N8ND) (HB6(LJLs1,NNHYPP)

22 CONTINUE
24 REWIND NBND -

C READ FIRST 2 ROWS FROM FILE MBND.
READ(NBND) ('B6(L),L=1,NNHYPP)
READ(NBND) (HB6(NNHYPP+L),L.1, NNHYPP)
IIN 0 2
KIN - 2
ISW - 2
INDH1 a 0
INDH2 - NNHYPP
TDEN9M - 1.0/(TI2 - TIll

30 IF(T-TTEST *GT. T12)GOTO 14
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IF(ABS(Y - YI4) *GTo YTEST)GOTO 140
IF(XIN(1) - X *GT. XTEST *OR* X - XIN(IN) *GTe XTEST)GOTO 140
IF(ZIN(1) - Z *GT. ZTEST eOR. Z - ZIN(KNI eGTe ZTESTIGOTO 140

52 IF(Z-ZTEST *LT. ZIN(KIN) )GOTO 30
IF(ISW *EQ* lIBOTO 34
REAO(NBND) (HB6(L)DLw1,NNHYPP)
IsW a 1

* INDI a 44HYPO
IN0142 -w
GOTO 36

34 READ(NBND) (46U(4N'4YPP+L) ,LslNNHYPP I
ISW - 2
It4DHl a 0
INDI4Z a NNHYPP

*36 KIN a KIN41
ZDENOM a 1.01(ZIN(KIN) - ZIN(KIN-1))
IIN a 2
GOTn 32

38 IF(Z+ZTEST *LTo ZIN(KIN-1) )GOTO 24
C LOCATE THE CORRECT COLUMN.

IF(X4XTEST *LT@, XIN(IIN-1) ) IIN a 2
40 IF(X-XTEST oLT. XIN(IIN) )GOTOi 42

IIN a IIN41
GOTO 40

C NOW# SET ADDRESSES AND 0O T4E XNTiRPOLATIONo
42 IREF a (KIN - 21*NNH

*XRATIO a (X - XIM(IIN-1) )I(XIN(IIN) - XIN(IIN-1) I
TRATIO a (T - Tll1*TDENOR
ZRATIO - (Z - ZIN(KIN-il )OZDENOM

C THREE INDICES THAT ARE 1 OR 2 BELOW REPRESENT LOWER OR
C HIGH4ER VALUES OF X, Z, OR 1', RESPECTIVELY,

LF111 a INDHI + IREF
LF211 a LF111 + NNH
LF112 - LF211 + NNHYPR
LF212 a LF112 + NNH
LF121 a IND'42 + IREF
LF221 a LF221 +NNH
LF122 a LFIZl + NNHYPR
LF222 a LF122 + NNH
DO 50 L-lj,5
Fill a Hbb(LF1l1 + L)
FKll a Fill + (H36(LF21l*L) - Flll)*XRATIO
F121 a HB6(LFl2l.L)
FX21 a F1i1 (HB6(LF221.L) - F121)*XRATIO
FXZl a FXll + (FX2l - FX11)*ZRATIO
F112 - HB6(LF112 + LI
FX12 a F112 + (HB6(LF212+L) - F1l21*XRATIO
F122 - H8B6(L F122.0
FX22 a F12Z + tHB6(LF2ZZ.L) - F122)*XRATIO
FXZ2 w FX12 + (FX22 - FX12)*ZRATIO
H4(L) a FXZl + (FXZ2 - FXZ2)*TRATIO

50 CONTINUE
U H 1(1)
V H 1(2)
W H (3)
E *H(4)
RHO a H4(5)
RETURN

C
100 WRITE(6#105)

STOP' ABORT, FBND9D3. NO DATA ON FILE.'
105 FORMAT(//' ABORT# FBND9D3* NO DATA ON FILE.')
110 WRITS(6pl5l

STOP' ABORT FbND9D3e FIRST FILE WORD NOT 555.0
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115 FORMAT(II ABORT,- FBNDQD3, NEAD1 NOT 555.0')
120 WRITE(6,125)ININXPKNKMXNN4YPPNMX

STOP' ABORTPFBND903o DI"ENSION TOOJ SMALL.'
125 FORMAT(/I ABORT# FBND9D3* DIMENSION TOO SMALL.*/

* I INIMXKNKMXNNNYPPPNMX*',618)
130 WRITEI6v1351THTSHIFTTTI1

STOP' ABORTFBND9D39 REQUESTED T LT INITIAL TIME IN FILE.'
135 FORNAT1' ABORT, FSND9D3. REQUESTED T LT INITIAL TIME IN FILE.$/

+ I TNTSHIrPTvTpTI1. Is1P4E15.71
140 WRITE(6s145)

WRITE(6pGRIO)
STOP' ABORT,- FBND9D39 SPATIAL VARIABLE OUTSIDE RANGE.0

145 FORMAT(W/ ABORT, FBND9D3o SPATIAL VARIABLE OUTSIDE RANGE*')
160 WRITE(6,165)T'4,TSHIFTTsTI1,TI2

STOP' AB2RTP FBND9D3. END OF FILE BEFORE Tot
165 FORMAT(' ABORT, FBND9D3e END OF FILE BEFORE Tel/

I TNTSHIFTsT9TIlpTI2w ',1P5El5o7)
END

*LABEL ENDBND9

:.I
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